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FOREWORD 
In figuring the quantity and value of the apples produced on 
sprayed and unsprayed plots for record in this bulletin, the 
figures in the case of a number of the orchards represent the results 
of actual sales of the crop where sales were made early. 
A few of the orchardists held their fruit for later sale after the 
material in the bulletin was ready for the press. In the case of 
those orchards, the figures in the bulletin represent the actual 
quantity of fruit produced on sprayed and unsprayed portions of the 
orchards. 
In some of these orchards where the fruit was held for later sale, 
the figures actually received for the crop fall below the figures re-
corded in the bulletin. This discrepancy in figures is due in one 
case to live stock destroying some of the fruit while it lay piled 
waiting for later sale. In other cases it is due to the fruit not keeping 
well without adequate cold storage. 
(188) 
J. C. WHITTEN 
Horticulturist. 
RESULTS=OF CO-OPERATIVE SPRAYING EXPERIMENTS 
W. L. HOWARD 
During the seasons of 1913 and 1914 the University of Missouri 
sprayed or directed the spraying of twenty-nine co-operative orchards 
located in fourteen different counties of the state. This work was 
chiefly carried out under the authority of the forty-seventh General 
Assembly of Missouri which made a special appropriation of $2500 
for "orchard demonstration." Unfortunately the funds did not 
become available in time to apply to the spraying in the spring of 
1913. What spraying was done that year was confined to one orchard 
near Columbia where the owner paid all of the expenses, and to four 
in Southwest Missouri where the Frisco Railroad and the orchardists 
met the expenses. 
With the opening of the 1914 spraying season the funds became 
available and the scope of the work was greatly enlarged . During 
this season the spraying of twenty-five orchards was directed by 
representatives of the Horticultural and Entomological Departments. 
These orchards were located in the counties of Barry, Boone, Bu-
chanan, Cape Girardeau, Clark, Clay, Cooper, DeKalb, Greene, 
Jackson, Laclede, Lafayette, Lmvrence, and Marion. The Frisco 
Railroad again co-operated with the University by paying the 
traveling expenses (except train fares on the Frisco) of the men 
when it was necessary to visit the orchards at Lebanon, Willard, 
Republic, Monett, and Pierce City. Valuable assistance was 
rendered both years by Mr. Ashleigh P. Boles, Horticulturist of the 
Frisco Railroad. 
PLAN OF WORK 
In all cases the plan of spraying was co-operative. In all but 
four instances (two at Monett, one at McBaine, and one at Smithville) 
the University supplied the spraying chemicals and a spraying 
expert, while the orchard owners furnished the necessary spraying 
machinery, teams, and assistants. Two orchards near Monett were 
sprayed by the owners, the University and Frisco Railroad extending 
advisory assistance only. At Smithville a representative of the 
University visited the orchard and laid out a plan for doing the 
spraying. Fol!O\ving the directions given, the orchard owner did 
(189) 
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the spraying himself without further assistance. The owner of the 
Turner Station orchard near McBaine paid all of t he expenses of 
spraying including the chemicals, use of teams, labor and rental on 
the spraying outfit. 
Throughout the entire spraying season as far as possible, every 
application of spray was made the occasion of a public demonstra-
tion. Upon being informed when a certain application was to be 
made, the owner of the orchard would notify his neighbors and ask 
them to attend the spraying demonstration. At these meetings 
the visitors not only looked on and asked questions but sometimes 
helped with the actual work of spraying. Sometimes a rural school 
or a class in agriculture from a nearby high school would attend a 
demonstration. On these occasions the man in charge of the 
demonstration always took time to explain why it is necessary to 
spray fruits, what materials are used for the different insects and 
diseases and how they are mixed and applied to the t rees. 
The demonstrations were undoubtedly productive of much good 
in the different communities. Those in attendance for the most part 
came for the purpose of securing exact information about how to 
spray apples, peaches, cherries, grapes, etc. The dates on which 
demonstrations were held were advertised by means of hand bills, 
by notices published in local papers, and by means of the rural tele-
phone. The last method proved to be the best of all. 
In counties where the University maintains a Farm Adviser, 
these gentlemen assisted in many ways. Mr. F. W. Faurot, Farm 
Adviser for Buchanan County, a recognized expert in spraying, 
helped both in the spraying and taking of notes in the two co-
operative orchards in his county. Mr. E. A. Ikenberry, Farm 
Adviser for Jackson County, helped materially in handling the 
demonstrations in his county. Mr. C. M. McWilliams took an 
active interest in what spraying was done in Cape Girardeau, the 
county in which he is Farm Adviser. Mr. T . J. Talbert, Assistant 
in Entomology and Deputy Nursery Inspector had full charge of 
the dormant spraying against San Jose scale (which will be reported 
in full by the Department of Entomology) and also conducted many 
of the demonstrations in connection with the spring and summer 
spraying which was under the direction of the Department of Horti-
culture. 
Wit h the exception of two or three orchards all of the summer 
spraying was done with standard spraying materials of strengths 
that had been well tested in previous years. In every instance the 
spraying was done with whatever kind of machinery the orchard 
owner happened to have. In this connection it is interesting to 
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note that some of the best results were secured with the crudest or 
most inexpensive spraying outfits used. 
WHAT TO SPRAY FOR 
Apple orchards in Missouri must be sprayed every year against 
the apple scab disease, and also against the two insects, curculio and 
codling moth. Bordeaux mixture and lime sulphur solution (summer 
strength) are the standard remedies for the disease mentioned and 
for nearly all other diseases of the leaves and fruit. Arsenate of 
lead is used almost exclusively for poisoning curculio and codling 
moth and all other insects which bite or eat the leaves or fruit. 
Scale insects are controlled by spraying with a very strong solution 
of lime sulphur while the trees are in a dormant condition. 
WHEN TO SPRAY 
The first summer spray (the chief one for controlling scab) is 
given at the time when the clusters of flower buds have separated, 
but before the flowers themselves have unfolded or opened out. This 
is usually referred to as the "first spray," the "first scab spray," or 
the "cluster bud spray." The second application is made as soon 
as the petals of the flowers begin to fall. This is universally known as 
the "calyx spray," but sometimes referred to as the "second scab 
spray," or the "codling moth spray." This application is for the 
purpose of controlling the scab (for which either lime sulphur or 
Bordeaux mixture is used), and also the insects curculio and codling 
moth which are poisoned by adding arsenate of lead to the fungicide. 
A third and even a fourth application, at intervals of two or three 
weeks, may be necessary to control late outbreaks of scab and also 
such diseases as fly-speck or sooty blotch, black rot , cedar rust, 
apple blotch, Illinois canker, etc. Bitter rot may have to be com-
bated late in the summer in the southern half of t he state in some 
seasons. At the same time poison may be added as a protection 
against late broods of codling moth, curculio and lesser apple worm. 
Bitter rot sprayings may have to begin before the middle of July 
and continue, in extreme cases, until the middle of August or later. 
During the seasons of 1913 and 1914 bitter rot was not bad in 
Missouri. 
SPRAYING RESULTS SECURED IN 1913 
During the season of 1913 there was no outbreak of bitter rot 
or other highly destructive fungous disease. Apple scab, however, 
was very prevalent in the southwestern part of the state and the 
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curculio in that section were exceedingly numerous. Codling moth 
were equally abundant. Five orchards only were sprayed: The 
Lebanon Orchard Company and the McFadden Orchard at Lebanon; 
two at Pierce City belonging to C. D. Peck and G. V. Kline; and one, 
the Turner Station Orchard, near McBaine. The results follow. 
The Lebanon Orchard Company Orchard (Lebanon, Laclede 
County). A block of Ben Davis trees about 20 years old, were 
sprayed three times. The first or " cluster spray" was given April 
18, using lime sulphur, 3 gallons to one hundred gallons of water. 
The second or "calyx spray" was given on May 3 with lime sulphur 
3 to 100 and arsenate of lead 6 pounds to each 100 gallons of spray 
mixture. The third application, the same as the second, was made 
on May 17. 
There was a light bloom and a very small setting of fruit in this 
orchard. The amount of fruit on the trees was not sufficient to 
justify three thorough sprayings. They were given for the benefit 
of the trees themselves rather than for the fruit , as this orchard had 
never been sprayed before. 
About May 25 there was a severe hailstorm which destroyed 
what few apples there were before any notes were taken. The foliage 
of the sprayed trees had a fine healthy color all summer and in late 
summer, in August, it was observed that the leaves on the unsprayed 
trees began to fall. By September these trees were almost entirely 
bare while the sprayed ones remained green until overtaken by frost 
a month or more later. 
The McFadden Orchard (Lebanon, Laclede County). In this 
orchard a block of Jonathan trees about fifteen years old was sprayed 
April 13, May 3, and May 16. The first application was with lime 
sulphur 3 to 100; the second with lime sulphur 3 to 100 and 5 pounds 
of arsenate of lead paste; and the third with Bordeaux mixture 
4-6-100 (4 pounds copper sulphate, 6 pounds lime and 100 gallons 
water) and 5 pounds arsenate of lead. 
There was a splendid crop of fruit in prospect but a terrific 
hailstorm about May 25 literally beat the apples to pieces. The 
sprayed fruit was free from scab and had suffered but little insect 
injury up to the time of the storm. The adjacent unsprayed trees 
showed scab and a great deal of curculio and codling moth injury. 
Shortly after the storm it was observed that codling moth began to 
attack the sprayed apples, the worms entering the fruit in each case 
through the wounds made by the hail stones. 
As all of the apples were ruined by the hail no notes were taken, 
the experiment being abandoned. However, it was very noticeable 
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that the spraying benefited the foliage as the sprayed trees held 
their leaves in fall much longer than those that were not sprayed. 
The G. V. Kline Orchard (Pierce City, Lawrence County). In 
this orchard a block of fifty Jonathan trees nine or ten years old was 
set apart for the demonstration work. Forty of the trees were 
sprayed and ten left unsprayed to check the results. The trees were 
sprayed four times as follows: 
April 14, with Bordeaux 6-6-100. 
May 2, with Bordeaux 3-6-100 plus 6 lbs. arsenate of lead. 
May 15, with Bordeaux 4-6-100 plus 5 lbs. arsenate of lead. 
June 25, with Bordeaux 8-8-100 plus 5 lbs. arsenate of lead. 
There was a good bloom but pollination was imperfect so that 
after the "June drop" was over the crop was very light. 
The previous season (1912) no spraying was clone and curculio 
were very numerous. \iVhile the orchard '.Vas cultivated both in 
1912 and 1913 there was meadow land adjoining and an old sod 
orchard, which had not been kept pruned or sprayed, was near by. 
At the time the third spraying was done, May 15, it was evident 
that we were about three days too late as the curculio had already 
begun to work on a large scale. This accounts for the large per-
centage of the fruit injured from this insect. Incidentally too, this 
illustrates one of the difficulties of trying to manage an orchard at a 
distance. To obtain best results one should see the orchard every 
day during the spraying season. 
On June 25, after the" June drop" was over, the first notes were 
taken. At this time very few apples were left on the trees. Repre-
sentative trees were selected and every apple on each carefully ex-
amined for disease and insect injury. On the sprayed trees the fruit 
showed 33 per cent curculio injury while on the check (unsprayed) 
trees there was 78 per cent. The sprayed fruit showed no injury from 
worms (codling moth), while on the unsprayed 40 per cent was wormy. 
There was only a trace of scab and that was on the unsprayed trees. 
The small amount of fruit that matured was harvested Sep-
tember 30. The results follow : Marketable fruit, from sprayed 
trees, 85 per cent; unsprayed, 16 per cent. The value of the crop 
at current prices was, sprayed $19.68 per acre; unsprayed, $1.80 per 
acre. The cost of spraying amounted to $12 per acre, leaving a net 
profit due to spraying of $7.68 per acre. 
. The above results cause one fact to stand out clearly and that 
is that it pays to spray even when only a very small crop of fruit is 
in prospect. 
The C. D. Peck Orchard (Pierce City, Lawrence County). This 
orchard consisted of the following varieties: 1\!Iissouri (Pippin), 
194 MISSOURI AGRICULTURAL EXPERIMENT STATION, BULLETIN 124 
Arkansas (Mammoth Black Twig), York (Imperial), Gano and 
Ben Davis. The trees were about 20 years old. The orchard was 
partially in grass. Some plowing in spring had been done between 
the rows. The trees were sprayed four times as follows: 
April 14, with lime sulphur 3-100. 
May 1, with lime sulphur 3-100 plus 6 lbs. arsenate of lead. 
May 15, with Bordeaux 4-6-100 plus 5 lbs. arsenate of lead. 
June 25, with Bordeaux 8-8-100 plus 5 lbs. arsenate of lead. 
The bloom was very heavy on all trees except the Ben Davis 
and Gano. Just after the second spraying twig blight appeared 
which swept away practically all of the fruiting spurs on the York 
trees. Over half the spurs were killed on the Arkansas trees and on 
the Missouri, where the bloom was exceedingly heavy, more than 
50 per cent were destroyed but enough were left to permit of a heavy 
crop of fruit. 
This orchard of about four acres was planted in long rows, one 
variety to a row. This made it convenient to spray a large block of 
trees and leave a block on one end unsprayed to check the results. 
All of the spraying was done with a barrel outfit, the barrel being 
mounted on an improvised one-horse wagon with a tower over the 
barrel where the man with the rod stood in order to be able to reach 
the tops of the rather large trees. One man worked the pump and 
drove the horse. 
On May 14 it was observed that there were some signs of scab 
on the leaves of the unsprayed trees, the sprayed trees being clean. 
There were fully 10 per cent of curculio stings on the unsprayed and 
none on the sprayed trees. 
On May 28 the unsprayed trees showed the following: Ben 
Davis, leaves scabby (almost no fruit); Gano, fruit scarce but 50 
per cent injured by both scab and curculio; York, practically no 
fruit, some scab and curculio; Arkansas, leaves scabby, 80 to 90 per 
cent of fruit injured by scab and curculio; Missouri, leaves showed 
trace of scab, while 25 to 30 per cent of the fruit was injured by scab 
and curculio. 
On June 25, after the "June drop" was over the apples on the 
sprayed and unsprayed trees were carefully examined for disease 
and insect injury. The results are summarized below. 
Total insect injury { Sprayed fruit 20.4 per cent 
Unsprayed fruit 65.3 per cent 
Total disease injury { Sprayed fruit 3.1 per cent 
Unsprayed fruit 62.8 per cent 
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It should be explained that in the above statements many 
apples were counted twice as a result of being affected with both 
diseases and insects. 
The outbreak of curculio was unusually severe in the spring of 
1913. Here, as at the Kline orchard, the third spraying was done 
about three days too late to control these insects. While the cur-
culio were very bad many of the apples punctured by them were so 
slightly wounded that their subsequent growth and final sale value 
were not seriously affected. 
The net results (up to June 25) of the spraying on the two 
varieties, Arkansas (Mammoth Black Twig) and Missouri (Pippin), 
that bore a crop were as follows: 
Total clean fruit (free from { Sprayed 81.9 per cent 
both diseases and insects) Unsprayed 2.8 per cent 
The apples were harvested and final notes taken on October 16. 
The Arkansas (Mammoth Black Twig) and Missouri (Pippin) were 
the only varieties with yield large enough to gather for note taking 
purposes. The fruit on the others was destroyed by twig blight 
early in the spring. 
At the time the last summer notes were taken (June 25) about 
one-fourth of the fruit on the unsprayed Missouri and Arkansas trees 
was wormy-that is, was affected with codling moth. Only 2 to 7 per 
cent of the sprayed fruit of these varieties was wormy at the same time. 
Practically all of the apples that became wormy that early in the 
season soon fell off. On this account the final figures at harvesting 
time are not given in terms of insect injury because this would not 
show the true effects of the spraying. Instead, the apples were 
sorted into three grades according to the extent of their injury from 
both diseases and insects. The first grade consisted of fruit practi-
cally free from blemishes of all kinds, sound, well-shaped, well colored 
and more than two and one-half inches in diameter. The second 
grade consisted of fruit with slight blemishes, somewhat off color 
and undersized, but not less than two and one-quarter inches in 
diameter. The third grade consisted of culls or apples unfit for 
barreling. The grading results were as follows: 
Sprayed, Arkansas, 69 per cent were of commercial grade. 
Unsprayed, Arkansas, 31 per cent were of commercial grade. 
Sprayed, Missouri, 94 per cent were of commercial grade. 
Unsprayed, Missouri, 18 per cerit were of commercial grade. 
There were very few of the unsprayed apples and none good 
enough to go in the first grade class. 
Reduced to an acre and dollar basis, the value of the crop at 
current prices was as follows: 
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Arkansas, sprayed, total income .... . ...... . 
Arkansas, unsprayed, total income ... . .. . . . . 
Cost of spraying four times, .............. . 
Net income from sprayed trees ..... . ...... . 
Income from unsprayed trees ....... .. ..... . 
Net profit due to spraying ................ . 
Missouri, sprayed, total income ............ . 
Missouri, unsprayed, total income .... . .... . 
Cost of spraying four times .... . ......... . . 
Net income from sprayed trees .......... . . . 
Income from unsprayed trees .... . . . ....... . 
Net profit due to spraying ....... . ...... . . . 
$164.7 5 per acre 
2. 90 per acre 
16.00 per acre 
148 . 7 5 per acre 
2 . 90 per acre 
145 . 85 per acre 
$202.20 per acre 
9 . 80 per acre 
16 . 00 per acre 
186 . 20 per acre 
9 . 80 per acre 
1 7 6 .40 per acre 
The above figures from the Peck orchard show in conclusive 
manner that spraying pays big dividends, in this case from 900 to 
1100 per cent. 
The Turner Station Orchard (Near McBaine, Boone County). 
This orchard consisted of four varieties-Jonathan, York, Garro and 
Winesap. The spraying materials used were chiefly Bordeaux and 
arsenate of lead paste. Lime sulphur and also arsenate of lead 
powder were used to a small extent in an experimental way. Briefly, 
3 pounds of the powdered lead gave approximately the same results 
as 6 pounds of the paste with the Jonathan, but slightly better 
results than the paste with the York. In this case the difference in 
favor of the powder (a little less than 3 per cent) is scarcely outside 
of the range of experimental error. 
This co-operative spraying test was an important one because it 
was conducted on a large scale and further because all of the figures 
are available covering every item of the work of spraying and also 
how the apples graded at harvest time and the cash returns actually 
secured for the crop. The total area sprayed was: Jonathan, 10 
acres, York, 6 acres, Gano and Winesap only a few trees each. Two 
applications were made, one beginning on April 19 and the other 
beginning on May 2. The entire orchard consisted of 23 acres and 
the first spraying covered this area. Owing to engine troubles the 
work of spraying the first time occupied five days. The solution 
used was Bordeaux 4-6-1·00, no arsenate of lead being used. 
The second application (the calyx spray) occupied seven and 
three-fourths days. Since only a few of the Garro trees bloomed, 
these alone were sprayed at this time which reduced the total area 
sprayed to about 17 acres. It may be added that the final area 
which set a crop of fruit was, Jonathan, 8 acres; York, 2 acres; 
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Garro, 12 trees; vVinesap, 7 trees, or a total of a little more than 
10 acres. 
The long time (7% days) required for spraying the second time 
was due to engine troubles and to a scarcity of water. Much of the 
water had to be hauled a long distance over improvised roads. 
It was not necessary to leave any of the trees unsprayed as there 
was a 20-acre orchard of practically the same age, the same varieties 
(Jonathan, 12 acres, Gano, 8 acres) on precisely the same kind of 
soil, on an adjoining farm, and this orchard was not sprayed. 
Below is given a summary of the cost of spraying the Turner 
Station orchard twice: 
First application, Bordeaux 4-6-100. 
Labor, 2 m'en and team 5 clays, and rent on sprayer. . . . $29.30 
Spraying materials and gasoline.. . . . . . . . . . . . . . . . . . . . 13.58 
Total. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $42. 88 
Second application, Bordeaux 3-5-100 and 6 lbs. arsenate 
of lead. 
Labor, team and rent on outfit, 7% days . . . . .. . . .. . . . $49 . 00 
Spraying materials and gasoline...... . . . . . . . . . . . . . . . 33.51 
Total. ... ........... . ............ . . . . ..... $82.51 
Total for two applications ... . .. . ... . . ... ... $124.39 
The following observations were made on June 17 after the 
"June drop" was over: 
T I . t . . { Sprayed fruit, 19.0 per cent ota lllSeC InJury . Unsprayed frlllt, 57.9 per cent 
In securing the above figures a total of 4557 apples were counted 
on the sprayed trees and 1753 on the unsprayed trees. 
At harvest time on September 11, 1913, representative trees 
were selected and the apples counted and graded. The results 
follow: 
T t 1 . t . . { Sprayed fruit, 23 . 17 per cent 
0 a msec · 1!1Jury Unsprayed fruit, 68.31 per cent 
There was no disease injury on any of the trees in either orchard. 
Curculio were very numerous this season and difficult to control. 
On two sides of the sprayed orchard was wild woodland. Also the 
orchard was in clover and blue grass. There was woodland only at 
one corner of the unsprayed orchard. Practically t he whole of the 
unsprayed orchard was cultivated in spring and planted to corn. 
The latter, however, made but small growth on account of the severe 
drought. 
The following is a record of the yield and cash returns for the 
two orchards. 
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SPRAYED ORCHARD 
Jonathan, 8 acres. 
41 barrels No.1 apples at $4.15 .. ... .. .. $170.15 
51 barrels No.2 apples at 3.67 ..... .. .. 187.17 
97 barrels windfalls at 1 . 31. . . . . . . . . 127 .07 $484.39 
York, 2 acres. 
41 barrels No.1 applesat$3.25 . , ....... $133.2S 
22 barrels No.2 apples at 2. 75 . .... . ... 60.50 
28 barrels windfalls at 1.40 .... . . . .. 39. 20 · $232.95 
Winesap, 7 trees. 
3 barrels No. 1 
1 barrel No . 2 
Gano, 12 trees. 
apples at $3. 25 .. . ..... $ 9. 7 S 
apples at 2. 75 .. .... . . 2. 7S 
2 barrels No. 1 apples at $3 . 00 .. . .. . . . . $ 6. 00 
$ 12.50 
1 barrel No. 2 apples at 2 . SO . .... . . .. $ 2 . SO $ 8. SO 
Total income from entire apple crop . .. ... . . $738 .34 
Cost of spraying twice.. . . . . . . . . . . . . . . . . . . . 124 .39 
Net returns from sprayed orchard .... . . . . .. $613 .95 
Average net returns per acre from sprayed 
orchard ....... . . . ........ .. . . .... . . .. $ 59 .89 
UNSPRAYED ORCHARD 
Jonathan, 8 acres bearing; Gano only a few trees bearing. 
Total income from unsprayed orchard .. . ... . 
Average net profits per acre from unsprayed 
orchard .. .. .. ... ........... . .. . ..... . 
Net profits per acre due to spraying ........ . 
$ 23.00 
2.78 
57 .65 
The large quantity of windfalls in the sprayed orchard was 
caused by a windstorm just before harvesting time. A severe 
hailstorm in August disfigured much of the fruit so that in grading 
an undue proportion had to go in the No. 2 class. Also the season 
was very warm and dry. As a consequence the fruit was smaller 
than normal. The warm weather continued up until harvesting 
time without even any cool nights. On this account the apples 
became ripe and had to be picked, beginning September 9, although at 
that time they were far from being red. Poor size and color contrib-
uted heavily to the No. 2 grade. 
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In conclusion it may be added that the sprayed orchard reported 
upon was the only one in that part of the state that bore anything 
like a full crop or even half a crop in 1913. 
SPRAYING RESULTS SECURED IN 1914 
The season of 1914, on the whole, was favorable to the fruit 
grower. As is the case nearly every year, there were certain dis-
tricts where diseases or insects or both were more abundant than 
elsewhere. There was less apple scab than usual although there 
were places where the percentage of this disease ran very high on 
unsprayed trees. Bitter rot, which sometimes becomes epidemic 
in the southern half of the state, was very scarce. Only now and 
then was it reported during the season and then only on varieties 
like Huntsman and Willow (Twig) which are particularly susceptible 
to the disease. Two diseases which are rarely heard of north of the 
Missouri River were very prevalent all over the state this year. 
These were the cedar rust and black or blossom end rot. Twig 
blight appeared again toward the close of the blooming period but 
did much less harm than the year before. In 1913 the blight attacked 
the fruit spurs and killed every flower in the various clusters. In 
1914 the infections again started in the spurs but only a few of the 
flowers were killed. As a rule the spurs themselves did not perish. 
This year many of the new twigs at the ends of the long branches 
were attacked and killed back for from four or five inches to a foot, 
but this caused little damage as no flowers were involved. 
The two insects which always have to be fought every year-
curculio and codling moth-were present in all parts of the state. 
The dry weather which prevailed from May until August greatly 
favored the spread of the codling moth. Another insect, the lesser 
apple worm or side worm, was especially bad in 1914. This insect 
bores a hole into the apples starting at almost any point on the surface 
but usually on the side. If the "worm" penetrates deep it goes 
straight into the fruit in whatever direction it may start. In such 
cases the hole it leaves is much smaller than that made by the codling 
moth. Sometimes though, the side worm penetrates only a quarter 
or half an inch and then burrows out quite a large cavity. Again 
burrows may be made along ~ear the surface, sometimes just through 
the skin or a little deeper. This is the way the insect works on the 
fruit in cellar storage and sometimes even in cold storage if the 
temperature is not kept constantly around the freezing point. 
In 1914 the spraying was again done with whatever kind of out-
fit the orchard owner might have. As a rule only standard spraying 
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solutions of the usual strengths were used. The cost of the spraying 
was computed by charging 12Y2 cents per gallon for lime sulphur, 
10 cents per pound for arsenate of lead paste, 20 cents per pound 
for arsenate of lead powder, 6 cents per pound for copper sulphate 
and one cent per pound for fresh stone lime. Labor was charged at 
the rate of $1.50 per day for men and $1.50 per day for teams. The 
idea kept in view was to compute the cost of the spraying on a basis 
that would be comparable to what the average farmer or fruit 
grower would have to pay for materials and help. If the farmer uses 
his own teams and does his own work the cash outlay for these items 
could be eliminated. Also if spraying materials are bought in large 
quantities much better figures than the ones mentioned could be 
secured. In some instances arsenate of lead was actually secured 
by some co-operators for as low as 6 cents per pound. On the other 
hand where the materials were bought in small quantities from a 
lbcal druggist the cost was as much as 13 Y2 cents per pound for the 
lead and 35 cents per gallon for the lime sulphur. 
The records of the different orchards together with summaries, 
comparisons, etc., are as follows. 
The Bland Orchard Co. Orchard (Lebanon, Laclede County). 
The experimental plot consisted of a block of Ben Davis trees about 
20 to 25 years old. No cultivation had been given for two years 
but the trees were in a fair state of vigor. Thirty-six trees \Vere 
sprayed. The applications were as follows: 
April 17, '~ith lime sulphur, 4-100. 
May 6, with lime sulphur, 3-100 plus 6 lbs. arsenate of lead. 
May 26, with lime sulphur 3-100 plus 4 lbs. arsenate of lead. 
Notes were taken in. summer after the "June drop" was over 
which showed the following results up to July 3d. 
Sprayed trees, wund fruit ..................... . 93. 2 per cent 
Unsprayed trees, sound fruit. . ......... . ....... 5. 2 per cent 
The greatest amount of injury from a single cause was from scab. 
On the unsprayed trees 84.3 per cent of the fruit was affected with 
this disease. The black or blossom end rot attacked 22 per cent of 
the fruit on the same trees. On the sprayed trees there was 4.3 per 
cent of scab but only a trace of rot and insect injury. 
The figures in Table I show the results in detail. 
The results show that the rather severe outbreak of apple scab 
was effectively controlled. The rot mentioned was black rot or, as 
it is more commonly known, blossom end rot. This is usually very 
difficult to hold in check by spraying but the figures show that the 
three applications of lime sulphur, in this instance, reduced the rot 
Table I.- Results of Spraying in Bland Orchard up to July 31 1914 
I Percentage insect, disease and spray injury 
Variety 
i I I 
Treatment \Vonns :Curculio I Scab Cedar I Rots Spray 
Rust I Injury i 
! I I (Russet-ing) 
----1---- ' --------~----
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Table 2.-Harvesting Data in Bland Orchard at Lebanon 
Percentage of insect, disease and spray injury 
Marketable [ety Treatment 1 
Cedar I fruit per ( 1 Worms Cur- Scab Rots ?~ray\ tree 
culio rust lllJUry 
Var 
BenD 
12.2 10.0 21.2 18.3 0.8 I 12.6 I %bu. No.1 : Sprayed 
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injury to a bare trace. Codling moth (worms) and curculio were 
also held in check. 
When codling moths attack apples before the latter are half 
grown, a large percentage fall off. Diseased apples may also drop 
long before harvesting time. This will explain why harvesting data 
may show a smaller percentage of injury from these causes than 
notes taken in early summer. 
In July the lesser apple worm (more popularly known as the 
side worm) began to be noticeable in apple orchards all over the 
state. Since their work looks very much like that of the codling 
moth when the latter attacks the side of an apple, both of these 
insects are, for convenience, classed together under the heading of 
"worms." 
The fruit in the demonstration plot of the Bland orchard was 
harvested in October and careful counts made from sprayed and 
unsprayed trees. The results of the spraying at harvesting time 
are given in Table 2. 
The cost of spraying this orchard three times was as follows, 
per tree: Materials, 20 cents; labor 8Yz cents; total 28Yz cents, or 
$17.10 per acre. The profits due to spraying were $25.20 per acre. 
The H. S. Branaman Orchard (Near Armour Station, Buchanan 
County, Postoffice Rushville). This orchard was located in the fertile 
soil of the Missouri river bottom. The trees were large for their 
age, about 17 or 18 years old, and for the most part were in a thrifty 
state of growth. The demonstration plat consisted of about 100 
trees, the varieties being Ben Davis and Winesap. They were 
sprayed as follows: 
April 21, with lime sulphur 4-100. 
May 5-6, with lime sulphur 6-100 plus 4 lbs. arsenate of lead. 
May 28, with lime sulphur 6-100 plus 5 lbs. arsenate of lead. 
July 7, with lime sulphur 6-100 plus 6 lbs. arsenate of lead. 
The spraying machine used was a Bean Duplex power outfit. 
Summer notes were taken on June 1 7 after the "June drop" was over. 
The results are tabulated in Table 3. 
While the spraying controlled the codling moth almost absolutely 
and diseases were not present on account of the dry weather, there 
was an outbreak of curculio which occurred too late to be hindered 
by the second application and too early to be poisoned by the third 
application. This accounts for the large percentage of injury from 
this insect on the sprayed trees. However, it will be noticed that 
in the case of Ben Davis the curculio injury on the sprayed trees was 
21 per cent while on the unsprayed trees it was 78 per cent. This 
would show that it was only those insects that appeared late that 
Variety 
Ben Davis 
Winesap 
Table 3.-Results of Spraying in Branaman Orchard up to June 17, 1914 
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Check, 
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Sprayed 
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Injury 
(Russet-
ing) 
Percentage 
of sound, 
unblemished 
fruit 
I I I I 1----------
0 . 8 21.7 
85.2 78.9 
o 1 s. 1 
! 
49.6 29 . 0 
0 
0.3 
o I 
I 
2.0 I 
0 0 0.75 76.5 
0 0 2.3 
0 0 1.1 90.3" 
0 0 32.0 
N 
0 
""" 
~ 
Ul 
Ul 
0 
c: 
:>;:! 
H 
> C). 
:>;:~ 
H 
() 
fl 
>-3 
c: 
~ 
t" 
t:rJ 
:xl 
'"tl 
t:rJ 
:>;:~ 
H 
~ 
t:rJ 
z 
>-3 
Ul 
:;; 
>-3 
.... 
0 
z 
l:;i 
c: 
t:"' 
t" 
t:rJ 
.., 
z 
..... 
N 
""" 
PROFITS FROM SPRAYING MISSOURI ORCHARDS 205 
were able to do much injury. On June 17 there was only 2.3 per 
cent of sound fruit on the unsprayed Ben Davis trees while on the 
unsprayed Winesap there was 32 per cent. Since much of this 
injury was clue to the attacks of codling moth, it would be expected 
that the second brood would very likely spread to the remainder of 
the apples on these trees. 
The fruit was harvested in October and by means of counting 
thousands of apples, a careful record was made up showing final 
results of spraving. These are shown in Table 4. 
The cost of spraying four times was as follows, per tree: Mate-
rials, 31 cents; labor 20 cents; total, 51 cents, or $30.60 per acre. 
The profits due to spraying in case of the Ben Davis were $467.40 
per acre; Winesap $406.20 per acre. These figures seem very 
remarkable but those who are familiar with the profits from spraying, 
particularly in an orchard that has not been sprayed before, in a good 
crop year, will not be surprised at these results. 
The D. E. Brite Orchard (Near Pierce City, Lawrence County, 
Postoffice Monett). This was one of the advisory orchards. All 
of the spraying was clone by the owner who merely followed the 
advice given him by the University of Missouri and the Horti-
culturist of the Frisco . The owner supplied all of the labor and 
materials and did all of the work. The orchard \vas sprayed three 
times, twice with Bordeaux mixture and arsenate of lead and once 
with soluble sulphur and arsenate of lead. The trees were 15 years 
old and while they had been badly neglected were still in fairly 
vigorous condition. No summer notes are available. The harvest-
ing data are shown in Table 5. 
The figures in the table show that the crop on the unsprayed 
trees was practically destroyed by apple scab. It should be re-
membered that the owner of this orchard had had very little ex-
perience in spraying so that the results are very gratifying. ·while 
one should be able to control the scab almost entirely by thorough 
spraying, the difference between 16.8 per cent and 93.9 per cent is 
77.1 per cent which is a good record in controlling this disease. The 
large percentage of spray injury shown was mostly due to arsenic 
burning from the soluble sulphur spray. The cost of spraying was 
19.2 cents per tree for the season or $11.52 per acre. This would 
show a profit due to spraying of $44.28 per acre. 
The J. G. Dameron Orchard (Near Hannibal, Mo.). This 
orchard consisted of Jonathan and Ben · Davis trees. The sprayed 
plat included both of these varieties. The trees were 15 years old 
and had received fairly good pruning the previous year. The orchard 
was in blue grass sod. The trees were sprayed as follows: 
Table 4-Harvesting Data in Branaman Orchard, Armour, Mo. 
Percentage insect, disease and spray injury 
Variety Treatment Marketable 
Worms Cur- Scab Rots Cedar Spray fruit 
culio rust injury per tree 
Sprayed 8.2 7.4 0 0 0 0 13.8 bu. Nos. 1 
and 2 
2.1 bu. culls 
Ben Davis 
Check, 
unsprayed 100 96.0 0 0 0 0 0 0 ! bu. culls 
Sprayed 7.1 42.1 0 0 0 0 10 bu. Nos. 1 
and 2 
I 2! bu. culls 
Winesap I i 
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Table 5-Harvesting Data in the Brite Orchard, Monett 
I Percentage insect, disease and spray injury I 
Variety Treatment I 
Worms Cur- Scab Rots Cedar Spray 
culio rust injury 
Sprayed 1.2 2.6 16 .8 0.5 0 62.7 
Ben Davis 
Check, 19.2 4.5 193.9 7.5 0 ... 
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I 
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April 22 with lime sulphur 3-100. 
May 11 with lime sulphur 3-100 plus 6 lbs. arsenate of lead. 
There were thirty-six trees in the sprayed plat. All trees 
received an application of lime sulphur of a strength of 1-7 on March 
28 for the purpose of controlling the San Jose scale which was present. 
The first notes were taken July 2. The results of the summer 
spraying are given below. Data on dormant spraying not taken. 
No notes are available showing results of spraying on the 
Jonathan variety. 
It should be remembered that this orchard was sprayed only 
twice and that two applications rarely afford adequate protection 
against insects and diseases which are likely to be prevalent in late 
May and June. 
The fruit was harvested in October and the apples on representa-
tive trees counted. The results are given in Table 7. 
The data show that this orchard should have been sprayed a 
third time. The failure to make the third applicati()n accounts for 
the large percentage of insect injury shown on the sprayed trees. 
The cost of spraying for the two applications per tree was as 
follows: materials, 11 cents; labor, 14 cents; total, 25 cents, or $15.00 
per acre. This represents a profit due to spraying amounting to 
$60.10 per acre. It should be added that had a third application 
been made there would have been a much higher percentage of No . 1 
fruit. While much of the No.2 fruit was salable it was of a low grade 
and hence not nearly so valuable as the better grade. 
The G. W. Davis Orchard (Near Independence, Jackson 
County). This was a small commercial orchard consisting of 7 or 
8 acres of trees , mostly Ben Davis. The trees were 18 or 20 years 
old and in a reasonably vigorous condition. The soil was fertile but 
the orchard had not been cultivated recently. Only a slight amount 
of pruning had been done. 
The kind of sprayer used was a Bean hand power outfit, the 
pump being mounted on a tank holding 150 gallons. The pump was 
worked by two men. Even then with only one lead of hose it was 
not possible to hold the pressure, on the average, above 100 pounds. 
This answered very well for the first or cluster bud application, but 
when using the Bordeaux nozzle for the calyx spray where the dis-
charge was much greater than during the first application, the pres-
sure was found to be insufficient to spray the flower clusters properly 
in the tops of the trees. Twelve large trees made up the experimental 
plat. These trees were sprayed as follows: 
April 20, with lime sulphur 3-100. 
May 5, with lime sulphur 3-100 plus 6 lbs. arsenate of lead. 
Table 6.-Results of Spraying in Dameron Orchard up to July 2, 1914 
Percentage insect, disease a nd spray injury 
Variety 
·Ben Davis 
I I T reatment Spray Worms Curculio Scab 
I 
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heck, I 
unsprayed 17.5 72 .1 1. 7 0 I 0 .... 
s 
c 
I 
- -
Percentage 
of sound, 
unblemished 
fruit 
------
94.8 
------ -
I 
I 10 .0 
"' ~0 
"1 
~ 
Ul 
"1 
~ 
0 
:0::: 
Ul 
"' ~ 
>< z 
Cl 
~ 
Ul 
Ul 
0 
c:: 
~ 
1-1 
0 
~ () 
::J:i 
:> 
El 
Ul 
l'V 
0 
\0 
Table 7-Harvesting Data in Dameron Orchard, Near Hannibal 
Percentage insect, disease and spray injury 
Marketable 
Variety Treatment fruit 
Worms Cur- Scab Rots Cedar Spray per tree 
culio rust injury 
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May 27, with lime sulphur, 2-100 plus 4 lbs. arsenate of lead. 
The first notes on the spraying were taken on June 16. The 
results are tabulated in Table 8. 
The figures in the table show that the spraying practically 
controlled both diseases and insects. While there was a slight 
amount of spray injury, this was not at all serious as a small amount of 
russeting will easily be obscured when apples have attained their 
color. 
In October the fruit from the experimental trees was harvested 
and the apples carefully counted. The results are shown in Table 9. 
In addition to the statistics in the table, it should be added that 
another disease, apple blotch, was present in the orchard. There 
was 7.3 per cent of this disease found on the fruit of the sprayed 
trees, and 30 per cent on the unsprayed trees. 
The cost of the spraying was as follows per tree: Materials, 
27 cents; labor, 25 cents; total, 52 cents, or $31.62 per acre. The 
profits due to spraying amounted to $369.7 8 per acre. 
This orchard had never been sprayed before and hence in an 
average season the majority of the fruit was almost sure to be 
destroyed by insects and diseases. The seemingly large profits from 
the spraying were due to this cause. In an orchard that is sprayed 
regularly the difference between sprayed and unsprayed trees in any 
one season probably would not be particularly great, as the effects of 
spraying are cumulative and last more than one season. Of course 
this is clue to the increased vigor of the sprayed trees and also to the 
fact that where insects and diseases are kept in control for several 
seasons, they will not suddenly become abundant if a few sprayings 
are omitted. 
The E. H. Dienst Orchard (Alexandria, Clark County). This 
was one of the advisory orchards. The owner was desirous of 
learning how to spray for scale. A representative of the University 
visited the orchard and gave full directions for preparing lime 
sulphur to be used as a dormant spray. 
A full report on this co-operative orchard will be published 
from the Department of Entomology, as this bulletin is concerned 
only with summer spraying. 
The Greenwade Orchard (Near Willard, Greene County). This 
orchard was located on level prairie land, the soil being clay loam 
and fairly fertile. The trees were about 25 years of age and rather 
low in vigor. San Jose scale was present, and several trees were 
affected with cankers. A block consisting of 70 trees of Ben Davis 
was set apart for the spraying experiment. A power sprayer was 
used. The following applications were given: 
Table 8.-Results of Spraying in Davis Orchard up to June 16, 1914 
Percentage insect, disease and spray injury 
I Variety Treatment Spray Worms Curculio Scab Cedar Rots Injury 
Rust (Russet-
in g) 
Sprayed 0.3 3.5 0.6 0 0 5 . 0 
Ben Davis 
Check, 
unsprayed : 11.0 16.5 11.0 0 0 . . . . 
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Table 9-Harvesting Data in Davis Orchard Near Independence 
Percentage insect, disease and spray injury I 
I Marketable 
Varie ty Treatment I fruit 
Worms Cur- Scab Rots Cedar Spray per tree 
culio rust injury 
---
Sprayed 5.5 21.3 .04 0 0 0 l bu. No. 1. 
4 bu. No.2 
13 bu. culls 
Ben Dav is 
Check, 60.6 20.4 1.8 0 0 ... bu. No.1 
unsprayed bu. No.2 
1 bu. culls 
- - -·-
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April 4, with lime sulphur 3-100, plus 5 lbs. arsenate of lead. 
May 5, with lime sulphur 5-100, plus 6 lbs. arsenate of lead. 
May 25, with lime sulphur 2-100, plus 5 lbs. arsenate of lead. 
July 2, one-half with Bordeaux mixture 8-8-100, plus 5 
lbs. arsenate of lead; one-half with lime sulphur 3-100, 
plus 5 lbs. arsenate of lead. 
The owner sprayed the orchard the first time, this being the 
important application for controlling the scab. The fourth applica-
tion with both the Bordeaux and the lime sulphur was also given by 
the owner of the orchard. No summer notes were taken. The 
apples from several representative trees that were sprayed and 
unsprayed were harvested in October and counted. The results 
are given in Table 10. 
The striking feature of the results is the high percentage of 
scab on the sprayed fruit. Evidently the first application, the one 
that chiefly protects against scab, was not thoroughly made. 
Insects were controlled within reasonable limits. Just why the insect 
injury should be greater on the sprayed trees than on the unsprayed, 
is not clear. The fourth spraying seems to have afforded nearly 
complete protection against the blossom end rot. 
The cost of spraying per tree was as follows: Materials, 20.5 
cents; labor, 10.9 cents; total, 31 cents, or $18.84 per acre. Profits 
due to spraying were $104.66 per acre. 
The Dr. M. S. Henderson Orchard (Jackson, Cape Girardeau 
County). This was one of the advisory orchards. Through the 
co-operation of Mr. C. M. McWilliams, County Farm Adviser for 
Cape Girardeau County, the above orchard was sprayed against 
San Jose scale. The results of the spraying will be reported by the 
Department of Entomology. 
The Lester Hostetter Orchard (Near Weatherby, DeKalb 
County). This was a small home orchard consisting for the most 
part, of very large, old trees growing in sod. The trees were sprayed 
twice with a barrel outfit which was wholly inadequate as the trees 
were much too large, and the pressure much too low to do thorough 
work. In both applications the spraying material ran short so that 
the trees were not well covered. The applications were given as 
follows: 
April 24, with lime sulphur 3-100. 
May 8, with lime sulphur 3-100, plus 4 lbs. arsenate of lead. 
Unfortunately no notes are available showing the exact results 
of the spraying. However, the owner noticed that the fruit \vas 
cleaner where the trees had been partially sprayed. The foliage on 
Table 10-Harvesting Data in Greenwade Orchard at Willard 
Percentage insect, disease and spray injury 
Marketable 
Variety Treatment I fruit vllorms Cur- Scab Rots Cedar Spray per tree 
culio I rust injury 
I 
145.7 
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I I J3t bu. No.2 I 
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the sprayed trees also remained on the trees much later in the fall 
than where no spraying was done. 
The Roy Jackson Orchard (Republic, Greene County). This 
orchard was about 25 years old and being in fertile soil the trees were 
in a vigorous condition and quite large. The variety was Ben Davis. 
Forty-seven trees were included in the demonstration plat. The 
spraying was done with a Friend power sprayer, using three leads 
of hose and carrying 250 lbs. pressure. The applications were made 
as follows: 
April 10, with lime sulphur 3-100, plus 2 lbs. powdered arsenate 
of lead. 
May 4, with lime sulphur 3-100, plus 6 lbs. arsenate of lead 
paste. . 
May 23, with lime sulphur 2-100, plus 2 lbs. powdered arsenate of 
lead. 
June 30, with Bordeaux mixture 8-8-50, plus 2Y2 lbs. powdered 
arsenate of lead. 
The orchard was growing in sod and not much pruning had been 
done except to remove lower branches. The tops of the trees were 
rather dense, making it difficult to reach all parts with the spray 
material. The first notes were taken on June 30 after the "June 
drop" was over. For results see Table 11. 
The results of the spraying as regards protection from both 
diseases and insects were very gratifying. While the insects were 
not very numerous on the unsprayed trees there was over 81 per 
cent of scab injury, which indicates that very little, if any of the 
fruit on these trees is likely to be of first grade at harvesting time. 
While there was a rather high percentage of russeting due to cold 
weather in April, this need not necessarily spoil the sale value of the 
fruit after the apples have attained their color. 
The apples were harvested on October 12th. All of the apples 
on certain representative trees were counted and classified according 
to size, freedom from blemish, etc. Table 12 contains the results. 
The cost of spraying per tree was as follows: Materials, 28 cents; 
labor, 13 cents; total, 41 cents, or $24.90 per acre. The profits due 
to spraying were $410.10 per acre. The trees from which apples 
were counted and graded were supposed to be a good average for 
the orchard. The acre estimates are made up by using these as a 
basis. 
The spraying was an almost complete protection against scab. 
The rather high percentage of worms was due to an outbreak of the 
side worms late in the summer. There was only a bare trace of 
codling moth. The blossom end rot promised for a time to be a 
Table 11.-Results of Spraying in Jackson Orchard up to June 30, 1914 
Percentage insect, disease and spra y injury 
Variety Treatment - · I i 
\Vormsl Cur- ' Scab j Cedar ! Rots I Spray Cold 
culio j rust I injury injury 
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Table 12-Harvesting Data in the Jackson Orchard, Republic 
--------------
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very serious menace to the crop; however, the figures show that the 
::;praying reduced the injury caused by this disease more than 13 per 
cent. 
The P. R. Jaeger Orchard (Boonville, Cooper County). This 
orchard was located in the "loess" soil of the Missouri river hills. 
The trees \Vere 15 to 20 years of age and in a fairly vigorous condition, 
despite the fact that they were badly infested with San Jose scale. 
Thirty-one Ben Davis trees were selected for the demonstration plat. 
The trees were sprayed three times as follows: 
April 4, with lime sulphur 1-8. 
May 8, with lime sulphur 3-100, plus 3 lbs. arsenate of lead. 
June 2, with lime sulphur 3-100, plus 5 lbs. arsenate of lead . 
The first application was an experiment to find if it is practicable 
to combine a dormant spray (used against scale) with the regulation 
cluster bud or first scab spray. This application was made very late 
for a dormant spray; some of the leaves having already been out for 
several days, while some of the buds were just beginning to show 
green. This was about a month later than the dormant spray is 
usually applied, but was still a little early for the first scab spray. 
The injury to the leaves ' 'vas very slight. The cluster buds them-
selves apparently were entirely unhurt. 
On July 2 notes ·were taken showing the results of the spraying 
up to that date. Some >:cale was observed on the unsprayed trees, 
while the sprayed trees were practically free from signs of this 
insect. The remaining results are tabulated in Table 13. 
The figures show that scab, as well as the codling moth and 
curculio, was very prevalent. In addition to the 29.6 per cent of 
scab on the unsprayed fruit, a high percentage of the leaves on the 
check trees were affected with this disease. When the leaves of the 
apple are attacked by scab early in the season, they nearly always 
drop off before mid-summer, and badly infected trees will be seriously 
injured by loss of foliage by this cause. 
September 2 7 Mr. Jaeger reported as follows: "The block of 
trees under your control is doing fine and is making a nice show. 
Most of the trees are heavy laden with nicely colored fruit. · The 
apples are going to be of fine quality with the exception of much 
scale specks. The result of the heavy spraying speaks for itself, as 
many other trees in the neighborhood that were not sprayed have 
already lost their fruit. With several dormant sprayings perhaps 
the scale can be destroyed." 
The fruit was harvested about the middle of October when final 
notes were taken. These are summarized in Table 14. 
Table 13.-Results of Spraying the Jaeger Orchard up to July 2, 1914 
Variety 
Ben Davis 
Treatment 
!Sprayed 
Check, 
unsprayed 
--------------
I 
I 
-
-i 
i 
' 
i 
Percentage insect, disease and spray injury 
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Table 14-Harvesting Data, Jaeger Orchard, Boonville 
I 
I Percentage insect, disease and spray injury 
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In addition to the data given in the table, it may be mentioned 
that there was a small percentage of scale on the fruit of the sprayed 
trees, but no signs of the insect could be detected on the twigs. The 
unsprayed trees were encrusted with scale and so numerous were these 
insects that the trees were clearly injured severely and apparently 
almost ready to die. 
The summer notes that are given in Table 13 showed that the 
combined spray almost completely controlled the scab up until 
July 2. From Table 14 it is learned that there was no scab to be 
found on the sprayed trees at harvesting time. This was because 
the few apples that were affected in early summer had dropped off. 
From Table 14 it is further noticed that all the fruit on the unsprayed 
trees dropped off before harvesting time, due to attacks of the insects 
and diseases. It might be added that all the apple trees in this 
vicinity that were not sprayed cast their fruit by September or 
earlier. 
The cost of spraying per tree was as follows: Materials, 31 cents; 
labor, 25 cents; total, 56 cents, or $33.90 per acre. Since the check 
trees produced no fruit whatever, the net profits due to spraying in 
this case amounted to $97.90 per acre. 
The Dr. E. L. Johnston Orchard (Waverly, Lafayette County). 
This orchard consisted of Gano and Jonathan trees 18 to 2 5 years 
old. The trees were growing in fertile soil and vvere very large. The 
number of trees in the demonstration plat was 66. A ga,:oline power 
spraying outfit was used. The trees were in a very vigorous, thrifty 
condition and had been well pruned. 
The orchard was sprayed four times as follows: 
April18, with lime sulphur 3-100, plus 5 lbs. arsenate of lead. 
May 8, with lime sulphur 3-100, plus 6 lbs. arsenate of lead. 
May 23, with lime sulphur 3-100, plus 5 lbs. arsenate of lead. 
July 9, with Bordeaux mixture 8-8-100, plus 6 lbs. arsenate of 
lead. 
The results up to June 15 are shown in Table 15. 
The table shows 9 per cent of spray injury. While this slight 
russeting may have been due to spraying, it is more probable that it 
was caused by the cold weather in April. These notes \\·ere 1 aken 
before the last spraying was given, so that the russeting cannot be 
attributed to the Bordeaux mixture. 
As might have been expected from the rather high percentage of 
codling moth injury on June 15, 79.4 per cent of the fruit at: harvest-
ing time was affected by worms. Not all of this was due to the work 
of the codling moth, however, as the side worms were very numerous. 
The curculio injury on both the sprayed and unsprayed trees \\·as 
Table 15.-Results of Spraying Johnston Orchard up to June 15, 1914 
---
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Table 16-Harvesting Data, Johnston Orchard, Waverly 
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very light. Just why the percentage is so very low, is not clear. 
While some of the fruit affected by curculio early in the season may 
fall off, provided the eggs hatch, all of the fruit so affected rarely 
ever drops. The blossom end rot was very bad in this orchard, 
although the spraying seems to have controlled this disease to 
within 2.6 per cent. 
The cost of spraying per tree was as follows: Materials, 33.8 
cents; labor, 17.7 cents; total, 51.5 cents, $30.90 per acre. The cost 
of spraying in this case seems to be much higher than usual, but this 
was due entirely to the large size of the trees. The net profits from 
spraying amounted to $144.80 per acre. 
The Kelsey Orchard (Near St. Joseph, Buchanan County). 
This was a commercial orchard consisting of \Vinesap and other 
vanetles. Two long rows of \Vinesap were selected for the spraying 
test. The trees ·were 10 to 12 years old and, while growing on hill 
land, were in good condition. The soil appeared to be fairly fertile 
and the orchard had been well cultivated. The trees had been 
fairly well pruned, although too many of the lo·wer branches had been 
removed. The spraying was done with a Cushman power sprayer 
with a discharge capacity of ten gallons per minute. The four appli-
cations were made as follows: 
April 22, with lime sulphur 4-100. 
May 7, 'lvith lime sulphur 3-100, plus 4 lbs. arsenate of lead. 
May 29, with lime sulphur 3-100, plus 5 lbs. arsenate of lead . 
July 8, with arsenate of lead 6 lbs. to 100 gallons of water. 
Notes taken July 8, after the "June drop" \Vas over, are given 
in Table 17. 
Codling moth was controlled absolutely, while curculio were 
present in considerable numbers, even where sprayed: No diseases 
were present even where not sprayed. 
Final notes were taken in this orchard when the fruit was 
harvested late in October. The results are given in Table 18. 
The final notes showed much better results from the spraying 
than did the figures taken on July 8. At harvesting time, 86 per 
cent of the unsprayed fruit was affected with codling moth and side 
worms, as against 7.8 per cent where sprayed. One-third or more 
of the apples were affected with both curculio and worms. The 
curculio were very bad on the unsprayed fruit while there were only 
7.5 per cent where sprayed. The cost of spraying per tree was as 
follows: Materials, 21.3 cents; labor, 10.7 cents; total, 32 cents, or 
$19.20 per acre. The net profits clue to spraying amounted to 
$184.75 per acre. 
Variety 
Table 17-Results of Spraying Kelsey Orchard up to July 8, 1914 
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Percentage insect, disease and spray injury 
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Table 18-Harvesting Data, Kelsey Orchard, St. Joseph 
Treatment 
Percentage insect, disease and spray injury 
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The G. V. Kline Orchard (Pierce City, Lawrence County). The 
part of 1\Ir. Kline's orchard selected for the ~praying test consisted 
of 50 Jonathan trees, 10 years old. \\ 'hile the soil appeared to he 
fertile, the trees for some reason were not very large for their age; 
however, the orchard had been cui ti,·ated for sc\·cral years and the 
trees were in a thrifty condition. For the most part, a barrel 
spraying outfit was used. The orchard was sprayed four times. 
The applications were made as follo\\·s: 
April 10, with Bordeaux mixture 6-6-100. 
:May 1, with Bordeaux mixture 3-5-100, plus 3 lbs . arsenate of 
lead. 
May 22, \Vith Bordeaux mixture 4-6-100, plus 4 lbs. arsenate of 
lead. 
June 29, with Bordeaux mixture 6-8-100, plus 5 lbs. arsenat of 
lead. 
Table 19, below, shows the results of sprayi ng up to June 21. 
Figure 1. Class in agriculture from the Pierce City High School, 
attending a spraying demonstration. One student is holding the 
spray rod and another is operating the hand pump. 
The figures in the tal le show t hat both in sects a nd disease 
were controlled by the spraying . However, there was a very high 
p rcentage of sp ray injury. Apparently thi s was one s ason w h n 
it wa un afe to use Bordeaux mixture for th calyx spray, even in 
a dilute form and with an excess of lim e. From our experience thi 
year, and in previou s years, we are novv pr 'parcel to ad vis that the 
calyx spray a lways be made with lime sulphur. F ull y 15 per re nt of 
the ru eting wa unc.lou btedly due to cold injury in Apri l. T h 's 
results are not shown in t he tab le. 
Table 19-Results of Spraying Kline Orchard up to June 21, 1914 
Percentage insect, disease and spray injury 
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The fruit was harvested in September, and final notes taken. 
The results arc tabu lated in Table 20. 
The figures in the table show a rather high percentage of worms 
in the fruit from the sprayed trees-23 per cent . However, the 
unsprayed trees show 7 5.4 per cent of these insects. 
The cost of spraying, per tree, was as fo llows: materia ls, 8.6 
cents; labor, 8.4 cents; total, 17 cents, or $10.20 per acre . T he profits 
due to spraying amounted to $93.60 per acre. 
The Lebanon Orchard Company Orchard, (Lebanon, Laclede 
County). The orchard was 18 years old . T he p lat selected for t he 
experiment consisted of 100 trees :in a solid 100-acre b lock of Ben 
Davis. This same plat was used for demo nst rat ion purposes in 
1913. (See page 192 .) 
Figure 2. Member of the University of 
Missouri faculty conducting a spraying 
demo nstration in Southwestern Missouri , 
with a barrel sprayer. 
T he t rees were not pa r t icul arl y v igo rous, bu t were in fa ir 
c.oncl it ion, conside rin g t hat t he p revious seaso n was exceecli ng ly dry . 
T he orchard taken as a v.·hole was a lm os t free [rom ca nker cl isease . 
The orcha rd had not been cul t ivated in seve ra l years. So me of t he 
t rees in the sprayed pl at had been prun cl , whil e o thers h ad not. 
The fi gures that a re give n in th e table of res ults a rc an ave rage of 
a ll t he t rees . 
Th e trees were sp rayed four tim es as foll o ws : 
Ap ril 9 , with lime ul phur 3-100. 
Variety 
Jonathan 
Table 20-Harvesting Data, Kline Orchard, Peirce City 
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May 6, with lime sulphur 3-100, plus 6 lbs. arsenate of lead. 
May 26, with lime sulphur 3-100, plus 4 lbs. arsenate of lead. 
July 3, with Bordeaux mixture 8-8-100, plus 5 lbs. arsenate of 
lead. 
The results of the spraying, up to July 3, are given in Table 21. 
There were very few insects, even on the unsprayed trees. 
There was, however, a very serious epidemic of apple scab. This 
disease the spraying almost entirely controlled. The unsprayed 
trees showed 84.7 per cent of scab. 
The fruit was harvested October 17. The results of counting 
and grading are given in Table 22. 
The figures in this table show that the curculio came in rather 
late; also there was a considerable outbreak of side vvorms. The 
blossom end rot for a time promised to become very serious. The 
spraying apparently did not have very much effect in controlling 
this disease. Apple scab continued to spread, to some extent, late 
in the season. By comparing figures here with those in Table 21 
it will be seen that many of the apples attacked by scab early in the 
season evidently fell off. At harvesting time the sprayed trees 
showed 18.5 per cent of scab, while the unsprayed trees showed 40.2 
per cent. 
The cost of spraying was as follows, per tree: materials, 21.4 
cents; labor, 11.5 cents; total, 33 cents, or $19 .80 per acre. The net 
profits clue to spraying amounted to $81.00 per acre. 
The J. S. Livesay Orchard (Five Miles N. E. of Independence, 
Jackson County). The demonstration plat consisted of 44 trees in 
one corner of a small commercial orchard. The trees were 10 years 
old and had been cultivated and were in a thrifty condition. All of 
the trees had been well pruned. The sprayer used was a Bean 
hand-power outfit. This was the same outfit that was used in spray-
ing the Davis orchard. The following three applications were given: 
April 20, with lime sulphur 3-100. 
May 5, with lime sulphur 3-100, plus 6 lbs. arsenate of lead. 
May 27, with lime sulphur 2-100, plus 4 lbs. arsenate of lead . 
The first notes were taken on June 16, after the "June drop" 
was over. Results are given in Table 23. 
There was only a trace of either insects or diseases on the sprayed 
trees, while the unsprayed trees showed 24.8 per cent, 65.6 per cent, 
and 4.8 per cent of worms, curculio and scab, respectively. 
The crop was harvested and final notes taken about October 20. 
Results are given in Table 24. 
Curculio injury on the sprayed fruit was unusually high- 23.1 
per cent . Just why this was is not clear. There was no fruit worth 
Table 21-Results of Spraying Lebanon Orchard Co. Orchard up to July 3, 1914 
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The G. K. Murray Orchard (Willard, Green County). The 
orchard was located in clay loam soil; was cultivated a few years ago 
but now growing in sod. The trees were pruned the spring of 1914 
for the first time in several years. Trees were healthy and making 
good growth. Some San Jose scale present. Varieties consisted 
of Ben Davis, Grimes, York and others. The trees were fifteen 
years old. The demonstration plat consisted of fifty trees. A 
gasoline power sprayer was used, and the following applications given: 
April 1, with lime sulphur 3-100. 
May 4, with lime sulphur 3-100, plus 6 lbs. arsenate of lead. 
May 25, with lime sulphur 2-100, plus 5 lbs. arsenate of lead. 
July 2, with lime sulphur 3-100, plus 4 lbs. arsenate of lead. 
The first set of notes showing results of spraying was taken July 
2. The figures are given in Table 25. 
It should be explained that the first application was made 
rather early as a part of the orchard was given the dormant spray on 
the same day and a second trip could not be made. Even though 
applied from two to three weeks early, the scab spray was very 
effective, there being only 1.1 per cent of the disease on the sprayed 
trees, while there was 56.7 per cent on the unsprayed. 
For purposes of comparison, notes were taken on a neighboring 
orchard July 2. This orchard had not been sprayed. The variety 
was Ben Davis. This showed 1.9 per cent of worms; 12.3 per cent of 
curculio, and 64 per cent of scab. It is to be regretted that no 
harvesting data from this orchard are available, although it is very 
probable that only a small percentage, if any, of the fruit was of 
commercial grade. 
The apples in the Murray orchard were harvested in October 
and the results are tabulatf~d below in Table 26. 
It should have been explained before, that inexperienced men 
did the spraying in this orchard for the most part. This probably 
accounts for the high percentage of scab on the sprayed trees. The 
cost of spraying four times, per tree, was as follows: materials, 28.2 
cents; labor, 10.8 cents; total, 39 cents, or $23.40 per acre. The 
profits due to spraying amounted to $181.80 per acre. 
The F. F. Osterloch Orchard (Hartsburg, Boone County). This 
orchard was located in rich bottom land near the Missouri river. 
The trees were 15 to 20 years old, and of good size and vigor. They 
were growing in sod. Varieties consisted of Ralls (Geniton), \Nillow, 
Jonathan and Ben Davis. The demonstration plat consisted of 
fifty-four trees, and included the four varieties mentioned above. 
The trees were sprayed three times, the first two applications being 
Table 25-Results of Spraying M urray Orchard up to July 2, 1914 
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made by the owner. The work was done with a gasoline power 
prayer, t he applications being made as follows: 
April 20, with lime su lphur 3-100 plus 4 lbs. arsenate of lead. 
May 11, with lime su lphur 3-100 plus 4 lbs. arsenate of lead. 
June 3, wit h lime su lph ur 3-1 00 plus 5 lbs. arsenate of lead. 
The first notes were taken July 11; the re ults are given 111 
Table 27 . 
Apparently there was no scab in th is vicinity. Codling moth 
were ab und a nt but the spraying afforded good protection. The 
ide worms became ve ry bad late in the ummer. The codling moth 
on t he un sprayed t rees in creased enormously in number, and they 
soon spread over a ll o f the fruit on those trees . At harve Ling time, 
late in October, no fruit of marketable grade wa left on the check 
trees, a ll of it havin g rotted or dropped off as there ult of in ect and 
eli ease injury . Th ooty mold , a disease whi h is more likely to 
appear in low, damp place than elscwh re, was exceedingly bad. 
This eli ca e is probably worse on Rail (G niton) than on any other 
variety . The third spray ought to c ntrol th is d i ea e, and unci r 
normal conditions will do so . This time, however, the prayed 
fruit howecl 39.2 per cent of sooty mold. 
Figure 4. One of the demonstration orchards. Owned by 
C. D. Peck, Pierce City. This orchard was sprayed in 1913 with a 
barrel pump (See Figure 1), when the profits due to spraying amounted 
to $161.12 per acre. Sprayed with a gasoline power outfit in 1914, 
the profits were $300.00 per acre. 
The cost of praying three ti me , p r tree, wa a follow : 
material , 16 .5 c nt ; labo r , 9 ce nts; total, 25.5 cent , or 15.30 per 
acre . Profits du to spray1ng a moun t d to $47.70 p r a .re. 
Variety 
Ralls 
(Geniton) 
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The C. D. Peck Orchard (Pierce City, Lawrence County). This 
was a small commercial orchard consisting of four acres, located on 
slightly rolling land. The soil was gravelly and fairly fertile. The 
orchard was growing in sod, although it had been cultivated and 
manured a year or two previously. The trees were pruned during the 
winter of 1913. Varieties consisted of Ben Davis, Gano, York, 
Arkansas (Black Twig) and Missouri (Missouri Pippin) . Sixty-
eight trees made up the demonstration plat. 
The spraying was clone with a gasoline power outfit. The 
materials used and the elates of application were as follows: 
April 10, with lime sulphur 3-100, plus 2 lbs. powdered arsenate 
of lead. 
May 1, with lime sulphur 3-100, plus 3 lbs. powdered arsenate 
of lead. 
May 22, with lime sulphur 3-100, plus 5 lbs. arsenate of lead 
paste. 
June 29, with lime sulphur 3-100, plus 5 lbs. arsenate of lead 
paste. 
Complete notes were taken in June after all of the imperfectly 
pollinated fruit had dropped, and the results are given in Table 28. 
No notes were taken on the Ben Davis trees. 
Curculio and apple scab were the pests that were most abundant. 
However, the spraying controlled these almost completely. 
During the summer, in a personal letter, Mr. Peck made the 
following comments: "After trying out some plats of Bordeaux and 
soluble sulphur I am now a firm believer in the value of commercial 
lime sulphur. I sure have gotten a wonderful lot of good from my 
experience with you and will always be ready to let the University 
demonstrate here. The check trees in your plats are a wonder to 
every one. The Missouri Pippin and Gano have only a few apples 
left and they are faulty. The worms and scab got them all. There 
has been a great number of people come to see the results of our 
spraying work." 
The fruit was harvested late in October. The results are 
summarized in Table 29. 
Side worms became very abundant late in the summer. Practi-
cally the full percentage of injury from worms mentioned in the table 
was caused by this insect. Scab also was very bad, and for some 
reason the spraying did not afford complete protection. However, 
even under these conditions the spraying was immensely profitable. 
The cost of spraying four times per tree, was as follows: materials 
15.1 cents; labor, 9.3 cents; total, 24.4 cents, or $14 .60 per acre. The 
Table 28-Results of Spraying Peck Orchard up to June 21 1 1914 
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average net profits due to spraying for all varieties, were $300.48 per 
acre. 
The W. C. Rice Orchard (Smithville, Clay County). This was 
one of the advisory orchards. The owner decided to spray and 
purchased a gasoline power sprayer for the purpose. Being entirely 
ignorant as to what chemicals to use, and how to apply them, he 
appealed to the University for assistance. Unfortunately as many 
demonstration orchards as could be handled with the limited force 
had already been arranged for. Nothing could be done except to 
advise the owner what to do. A visit was paid to the orchard and 
plans made for the spraying. However, it was already too late to 
make the cluster spray, the important application for controlling 
apple scab. 
On Spetem ber 18 the owner made the following report: " I have 
a very short apple crop. Had only forty bushels of first class J ona-
than. Sold them to neighbors for $1.35 per bushel , and have con-
tracted most of my Ben Davis and Willow at $1.00 per bushel, and 
culls at 30 cents per bushel. Think I will have about 300 bushels 
of Ben Davis, ·willow and Gano. I gave my orchard only one spray, 
which was the calyx. Got good results as there are very few worms. 
The hot dry weather caused them to drop badly . Believe the 
spraying caused them to stay on as well as they did as other orchards 
which were not sprayed dropped all their fruit." 
The J. E. Roberts Orchard (Maysville, DeKalb County) . This 
was a small home orchard of very old trees growing in sod, and had 
received no pruning. The trees were 28 years old, and consequently 
contained much dead wood and considerable canker. The spraying 
was done with a barrel outfit . Applications were made as follows: 
April 24, with lime sulphur 3-100. 
May 8, with lime sulphur 3-100, plus 4 lbs. arsenate of lead . 
May 30, with lime sulphur 3-100, plus 5 lbs. arsenate of lead. 
The trees were too large to spray properly with a barrel outfit. 
This was specially noticeable when the calyx spray was made, as at 
that time the wind was very high. The one line of hose was too 
short to get around the trees properly. Notes taken on June 18 
showed the results given in Table 30. 
No diseases were present except apple blotch. The spraying 
gave almost complete protection from codling moth, and almost so 
for curculio. 
While no exact data are available showing results at harvest-
ing time, the owner reports as follows: ''Rambo and Roman Stem 
all blew off during a wind storm. Wealthy, sprayed, 75 per cent 
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sound; unsprayed, all rotted. Maiden Blush, sprayed, 75 per cent 
sound and very fine; unsprayed, all rotted." 
The cost of spraying three times amounted to 35 cents per tree, 
or $21 .00 per acre. Since no figures showing the yield are available, 
it is impossible to estimate the profits due to spraying. 
TheW. M. Roberts Orchard (Near Weatherby, DeKalbCounty). 
This was a small home orchard consisting of young trees of various 
varieties. The spraying was done with a barrel outfit, applications 
being made as follows: 
April 24, with lime sulphur 3-100. 
May 8, with lime sulphur 3-100, plus 4 lbs. arsenate of lead. 
May 30, with lime sulphur 3-100, plus 5 lbs. arsenate of lead. 
Thirty-two twelve-year-old trees were sprayed. No summer 
notes are available. Complete notes were not taken at harvesting 
time; however, the owner reports as follows: "Two Ben Davis trees 
contained a total of 625 apples. Of these 72.7 per cent were good 
clean fruit; 12 per cent were affected with worms; 2 per cent with 
rots; and 13.3 per cent with cedar rust. From one Minkler tree, 
600 apples were counted . Three per cent of these contained worms; 
5 per cent, rot; 2 per cent, cedar rust; and 90 per cent were clean. 
From one Paradise Sweet tree, 100 apples were gathered. These 
showed 2 per cent worms; 2 per cent rots; 44 per cent cedar rust; 
and 52 per cent clean." 
The cost of spraying three times, per tree, was as follows: 
materials, 5 cents; labor, 7.6 cents; total12.6 cents, or $7.56 .per acre. 
Yield notes not being available, no estimate can be made of the 
profits due to spraying. 
The A. E. Rose Orchard (Republic, Greene County). This was 
a small commercial orchard 23 years old, growing in good soil. The 
trees were moderately vigorous. Trees had received considerable 
pruning; they were headed very high. The spraying was clone with 
a hand power outfit. Applications were made as follows: 
31. 
April 13, with lime sulphur 3-100, plus 5 lbs. arsenate of lead 
paste. 
May 4, with lime sulphur 3-100, plus 3 lbs. powdered arsenate 
of lead. 
May 23, with lime sulphur 3-100, plus 5 lbs. arsenate of lead 
paste. 
Notes were taken on June 30, and results are tabulated in Table 
Unfortunately no data are available showing conditions on 
unsprayed Winesap and Limber Twig, nor on the sprayed Ben Davis. 
However, if we may judge from the Maiden Blush for comparison 
Variety 
Winesap 
Maiden 
Blush 
Limber Twig 
Ben Davis 
Table 31-Results of Spraying the A. E. Rose Orchard up to June 30, 1914 
I 
Treatment 
Sprayed 
Sprayed 
Unsprayed 
Sprayed 
Unsprayed 
I 
Percentage insect, disease and spray injury I 
\Vonns Curculio Scab Cedar 
Rust 
1.6 7.6 16.9 0.3 
0 I 6.0 6 . 5 I 0 
2.2 24.4 30.9 0 I 
0 
I 
13.4 2.6 0 
1.3 I 13.8 45.5 I 0 
Rots 
0 
0 
0 
0.4 
0.6 
I Per 
I of 
I 
Spray I 
Injury j 
unbl 
centage 
sound, 
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I 
0 68.3 I I 
0 I . 1-
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between sprayed and unsprayed trees, it would seem that the spray-
ing gave good results in controlling codling moth, curculio and scab. 
The fruit was harvested in October. No data arc available 
showin g results at harvesting time, except for Ben Davis. These are 
given in Table 32. 
The side worms were very bad in late summer. This accounts 
for the abnorma lly la rge percentage of injury on the sprayed fruit 
under the headiiig of worms. Why the percentage of curculio injury 
on the sprayed t re s was greater than the unsprayed, is not clear. 
Either t here was an outbreak of th se insects at a tim when the 
spray did not afford protection which is possible, or the spraying 
was not t horoughly done. The spraying seem to have been fairly 
beneficia l in controlling the blossom end rot. On the whole,~results 
of the sprayi ng here we r very unsatisfacto ry . 
Figure 5. Fruit from an average tree of sprayed Jonathan from 
the Turner Station orchard, McBaine. Five bushels of fancy and 
extra fancy fruit; twenty apples more or less blemished by curculio 
and two apples affected with side worms. 
The co t of praying t hree tim , per tr , wa a follow : 
materials, 14.5 c nt ; labor, 18.6 cents; total, 33 ce nt , o r $19.80 p r 
acre. The estimated profit due to praying were 77.40 per acre. 
The Turner Station Orchard (Near McBaine, Boone County). 
This was a com mercial o rcha rd of tw nty-three acre , con i t ing of 
Jonathan, Gano, and York, wit h a few scatt ring tree of Winesap. 
The soi l was "lo " fading into clay. o cultivation had been given 
for fiv or ix years . uring thi period the land was in clover 
a lthough bl ue gras i grad ua lly forming a turf aro und many of the 
tr es, a nd is even coming in b tween th row . The clov r and_gra 
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Table 32-Harvesting Data, Rose Orchard, Republic H 
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Percentage insect, disease and spray injury 
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() 
Value c:: 
of fruit t" ..., 
Variety Treatment fruit 
\iVorms Cur- Rots Scab Cedar Spray I per tree 
culio rust injury 1 
' 
per acre c:: ~ 
of 60 > t" 
trees l:l1 
---
\ 3 bu. No.1 
Sprayed 51.7 17.1 18.9 9.4 0 16.5 2 bu. No.2 
~ 
"C 
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$122.40 ~ l:l1 
1 bu. culls 
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is mowed twice during the summer and allowed to remain on the 
ground as a mulch. For the most part the trees \Vere in a thrifty con-
dition. lVIore than one-half of the trees were thoroughly pruned 
during the month of June, 1913; the remainder were pruned in June, 
1914. 
In this orchard extensive tests were made with several kinds of 
spraying materials used in different combinations. The experimental 
plats included a total of more than 700 trees. The spraying was 
done with a gasoline power spraying outfit. There were twelve 
plats of approximately one acre each. The orchard was sprayed 
twice as follows: 
The cluster or scab spray, April 23-27 inclusive, with: 
(1) Lime sulphur (specific gravity 1.009) or about 3-100; 
(2) Bordeaux mixture 6-6-100; 
(3) Soluble sulphur 2 lbs. to 100 gallons of water; 
(4) Prepared Bordeaux mixture 20 lbs. to 100 gallons of water; 
(5) Arsenate of lead paste 4 lbs. to 100 gallons of water; 
(6) Pyrox 1 lb. to 9 gallons of water. 
The calyx spray, or second application was made May 2-6 in-
clusive, with: 
(1) Lime sulphur 3-100, plus 6 lbs. arsenate of lead paste; 
(2) Bordeaux mixture 3-5-100, plus 6 lbs. arsenate of lead paste; 
(3) Soluble sulphur 2-100, plus 6 lbs. arsenate of lead paste; 
(4) Lime sulphur 3-100, plus 2 lbs. powdered arsenite of zinc; 
(5) Bordeaux 3-5-100, plus 3 lbs. powdered arsenate of lead; 
(6) Bordeaux 3-5-100, plus 6 lbs. tri-plumbic arsenate of lead; 
(7) Prepared Bordeaux 16 lbs. to 100 gallons of water; 
(8) Bordeaux 3-5-100, plus 4 lbs. arsenite of zinc paste; 
(9) Arsenate of lead paste 6 lbs. to 100 gallons of water; 
(10) Pyrox 1 lb. to 9 gallons of water. 
While a block of trees was left unsprayed to check the results, 
it so happened that most of them did not have a good bloom so it 
was decided to use as a check a 20-acre orchard, ~f the same varieties, 
on an adjoining farm. This orchard was growing in the same kind 
of soil; consisted of Jonathan and Gano, 10 years old, and had never 
been sprayed. All of the trees had been pruned and the entire 
orchard was cultivated. 
The first set of notes showing the results of the spraying was 
taken on June 13, and the second set on June 27. These two sets 
of notes were averaged and the results are given in Table 33. 
The figures show very plainly that while scab was not very 
abundant in the unsprayed orchard, ~hat this disease was absolutely 
;.:ontrolled in the sprayed orchard. The figures further show that, 
Table 33-Results of Spraying Turner Station Orchard up to June 27, 1914 
I 
Percentage insect, disease and spray injury 
Plat No. and I I Percentage 
spray material Variety I Spray of sound, 
used Worms Curculio 1 Scab I Cedar injury unblemished 
1 I rust (Russet- fruit 
I ing) 
----------------------l----------l--------l-------'1- ------1------1--------!- ----------
Check Jonathan 4.1 33.2 I 0.6 i 12.1 ... 51.6 
(Unsprayed) ! 1!-------1------1-------
Gano 6.5 25.7 j 16.4, 0 .. . 56.5 
------------------1---------1-------i------l 1------1-------1----------
Piat I. I '[ 
1stapplication: Jonathan 0.2 1.7 . 0 , 2.7 1 0.2 94.7 
Lime sulphur 3-100 ~------~-----
2nd application: Gano 0 2.5 0 1 0.8 I 0.4 96.4 
Lime sulphur 3-100 , '!,-----!---------------
Arsenate of lead 6 lbs. Winesap 0. 6 1. 5 I 0 . 2 i 0 0 98 . 1 
Plat II I i 
1st application: I ! 
Bordeaux6-6-100 Jonathan 0.25 3.05 0 ! 5.2 47.5 43.9 
2nd application: ------~i- ----+-------1-------
Bordeaux 3-5-100 Garro 0 11.6 I 0 1 1. 8 27.7 28.6 
Arsenate of lead 6 lbs. I i 
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Table 33-Continued 
I 
"' Percentage insect, disease and spray injury I ::0 0 
"=1 
Plat No. and I I ! I I Percentage 8 I I I en spray material I Variety I Spray ' of sound, I "=1 used Worms jCurculio Scab l Cedar injury I unblemished ::0 0 
I J rust (~usset-~ fruit ~ 
en 
, I . mg) '1:1 
i i i i ::0 
Plat III 
:> 
I I I ' 
><! 
1st application: 
...... 
 ' z 
Sol. sulphur 2-100 
0 I 2.7 I 0.1 I 1.0 1.25 
Cl 
~ 2nd application: Gano 95.5 ..... 
Sol. sulphur 2-100 
en 
I . Ul 0 Arsenate of lead 6 lbs. d ~ 
Plat IV 0 
1st application: ::0 (") 
Lime sulphur 3-100 Jonathan 0 4.1 0 3.8 0 92.5 ::r: > 
2nd application: I ::0 t::t Lime sulphur 3-100 \~linesap 0 2.4 0 1.5 0.25 I 97 . 3 (f) 
Powdered arsenate 
of lead 3 lbs. I 
-------
tv 
(J1 
(J1 
------
Plat No. and 
spray material Variety 
used 
Plat V 
1st application: 
Lime sulphur 3-100 
2nd application: Jonathan 
Lime sulphur 3-100 
Arsenite of zinc powder 
2 lbs. 
Plat VI 
1st application: 
Bordeaux 6-6-100 
2nd application: Jonathan 
Bordeaux 3-5-100 
Powdered arsenate of 
lead 3 lbs. 
-
Table 33-Continued 
Percentag e insect, disease and spra y injury 
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1 ing) 
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P lat No. and 
spray material Variety 
used 
P lat VII 
1st ap plication : 
Bordeaux 6-6-100 
2nd application: J onathan 
Bordeaux 3-5-100 I 
Tri-plumbic arsena te of 
lead 6 lbs. 
P lat VIII 
1st application: 
Prepared Bordeaux (Bor-
deaux arsenate) 20- 100 Jonathan 
2nd application : 
Prepared Bordeaux 
16-100 I 
---
Table 33-Con tinued 
Percentage insect, d isease a nd spray injury 
I 
I Spray Worms Curculio Scab I Cedar inj ury I 
I rust (Russet-
I 
I 
in g) 
I 
I 
I 
0 9 . 0 0 : 2.9 44 . 5 
I 
I 
0 10 . 8 0 
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Plat No. and 
spray material Variety 
used 
Plat IX 
1st application: 
Bordeaux 6-6-100 
2nd application : J onathan 
Bordeaux 3-5-100 
Arsenite of zinc paste 4 
lbs. 
P lat X 
1st application: 
Bordeaux 6-6-100 
2nd application: I Jonathan 
Bordeaux 3-5-100 
Arsena te of lead 6 lbs. 
Table 33-Continued 
Percentage insect, disease and spray injury 
Spray 
Worms Curculio Scab Cedar injury 
rust (Russet-
ing) 
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for the most part, the spraying was effective in controlling curculio, 
I 
and exceedingly so in controlling codling moth. There were no 
prominent differences as regards the efficacy of arsenate of lead 
powder over the paste form, or vice versa. Arsenite of zinc proved 
to be a very good insecticide, and there seemed to be no harmful results 
from its use. 
The Jonathan apples were harvested about the twentieth of 
September, and the winter varieties about the middle of October. 
Special trees were selected in different plats, and also in the un-
sprayed orchard, and the fruit carefully harvested and graded. The 
essential results are shown in Table 34. 
The figures in the last table show that all of the different spray-
ing materials were efficient in controlling both diseases and insects. 
Scab was controlled absolutely, while injury from cedar rust was 
greatly reduced in all cases. The unsprayed Jonathan trees showed 
14.6 per cent of this disease on the fruit, while the highest percentage 
of injury on any of the sprayed Jon a than was 7.3 per cent, where lime 
sulphur was used. However, in plat IV, where lime sulphur was also 
used, the cedar rust injury was only 2.5 per cent. As a rule spraying 
will not control this disease, or at least does so very irregularly. The 
reason for this is that the spores of the disease have no regular time 
for spreading. If trees happen to be sprayed just when the spores 
are being disseminated, the spraying would afford a considerable 
protection. It is interesting to note that the smallest amount of 
cedar rust injury-.4 per cent-was in plat III where the trees were 
sprayed with soluble sulphur. This disease does not attack the 
Gano very much. The highest percentage of cedar rust injury on 
any Gano was only 3.9 per cent. The disease was very bad on the 
l~a ves of the Jonathan. 
A comparison of the different insecticides shows that arsenate 
of lead in the form of a powder is just as effective as the paste in 
controlling both codling moth and curculio. Also arsenite of zinc, 
both .in the form of a paste and powder, was an equally good insecti-
cide, and neither did it cause any injury to fruit or foliage. The 
tri-plumbic arsenate of lead, for some reason, failed to control the 
curculio. Bordeaux arsenate (a prepared Bordeaux mixture) 
controlled the codling moth, but there was rather more curculio than 
on the other plats; and there was no more russet on the fruit than on 
other plats where Bordeaux mixture was used for the calyx spray. 
For some reason pyrox failed to control the curculio, and the per-
centage of codling moth in this plat was also larger than in any of the 
others. This plat happened to be located next to a body of timber, 
which probably accounts for the high percentage of insect injury. 
Table 34-Harvesting Data, Turner Station Orchard, McBaine 
Plat No. and 
spray material 
used 
Check 
(Unsprayed) 
Plat I 
Lime sulphur and 
arsenate lead paste 
Percentage insect, disease and spray injury! \ Valu: 
-,------------1 Marketable I of frmt i . I I J fruit I per acre 
Worms! Cur- Scab ! Cedar i Spray ! per tree 1 of 60 
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I 1--- 1 ----~---:----1 i - -1 I I l 
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Table 34-Continued 
Percentage insect, disease and spray injury Value 
Plat No. and 
spray material 
used 
Ma rketable of fruit 
Variety 
'Norms Cur-
culio 
Scab I I fruit per acre Cedar Spray · per tree of 60 
rust I injury trees 
----------i-----1 ! i 1--- -
Plat III i 2~ bu. No. 1 
Solublesulphurand Gano 0.2 3.1 0.2 0.4 J 5.1 2 bu.No. 2 /$140.16 
arsenate of lead paste I ___ ___ ! 1! bu. culls •----
1 2 bu. No. 1 Plat IV 
Lime sulphur and arse-
nate of lead powder 
203.52 Jonathan 1 0.2 I 3.3 I 0 2 . 5 j 0.2 1 1~ bu. No.2 I , i 1! bu. culls 
-P-Ia_t_V _______ / ~---~-------[--- ! bu. No. 1 -•----
Limesulphurandarse- Jonathan 0.2 \ 3.5 j 0 2.4 ' 10.5 1 bu. No. 2 82 .38 
nite of zinc powder I f i ! bu. culls 
Plat VI I ---~ I 1~ bu. No. 1 
Bordeaux and arsenate 'Jonathan 0.2 j 2 . 7 I 0 4 . 6 i 86.5 1! bu . No. 2 I 149.70 
of lead powder i I : i bu. culls 
------------1- --1 . --- . ·----
Plat VII '1 j j i i I ! bu. No. 1 
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Table 34-Continued 
Percentage insect, disease and spray injury 
Plat No. and Marketable 
spray material 
v"';"Y I I I ' ''"" used Worms! Cur- Scab Cedar I Spray I per tree 
1 I culio I 1 rust I injury 
'Plat VIII I 1 bu. No. 1 
Prepared Bordeaux Jonathan 1.5 7.4 0 8.0 i 87.8 1! bu . No.2 
(Bordeaux arsenate) ' I i [ t bu. culls I ___ , 
I I 
Plat IX I [ i bu. No. 1 
Bordeaux and arsenite Jonathan 1.9 3.0 0 7.2 1 86.0 1 bu. No.2 
of zinc paste [ ?, bu. culls 
· I 1 -
Plat X I I I ; bo No 1 
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of lead paste I t bu. culls 
Plat XI 1! bu. No. 1 
Arsenate of lead paste Jonathan 1.6 112.0 0 7.2 93.1 1 bu. No.2 
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1 
! bu. No.1 
Pyrox Gano I 4.5 36.7 1
.5 2.7 40.0 ! bu. No.2 
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In every case where Bordeaux was used for the calyx spray, 
there was a very high percentage of russeting of the fruit. This was 
particularly true of the Gano. The Jonathan were also badly 
russeted, but this variety seemed to obscure the blemish with a high 
color. The Gano also took on a very deep color, for the most part, 
but many of the trees although pruned, had very dense foliage and, 
therefore, shaded considerable of the fruit which failed to color 
enough to obscure the spray injury. Very few of the Jonathan had 
to go into the second grade on account of spray injury, while fully 
10 per cent of the Gano were reduced from the first to the second 
grade on account of the russeting. The experience of the past few 
years shows that it is very dangerous to make the calyx spray on 
Gano or Ben Davis with Bordeaux mixture of any strength. The 
first spray may be safely made with this material, and generally the 
third spraying is safe, and certainly the fourth would be, but the 
second application should be made with lime sulphur. 
The soluble sulphur plat contained perhaps the most handsome 
fruit in the orchard. However, the second application of this 
material caused a great deal of arsenic injury, particularly to the 
leaves. On July 12 some arsenic injury to the fruit was noticed, 
the calyx end of the apples being slightly blackened. At this time 
the trees had shed from 60-80 per cent of their leaves. Arsenic 
injury is first noticeable on the leaves in the form of bright red 
circular spots from i\ to 7.4; of an inch in diameter. These gradually 
become lighter in color as the dead area gets older. If there are 
many spots on the leaf it is certain to fall off within a few days. 
Fortunately the trees were young and vigorous and the loss of foliage 
did not appear to injure them. Had the trees been sprayed a third 
time with the soluble sulphur, a high percentage of the fruit would 
have been injured. This injury to the fruit is always at the blossom 
end, as the arsenic, which is set free from the insecticide, kills the 
calyx. This part of the apple then blackens and decays. As 
soluble sulphur is now made it is a dangerous material to use as a 
summer spray under Missouri conditions; however, it is to be hoped 
that the manufacturers will be able to overcome the arsenic injury 
as the material has great promise as a summer spray. 
The trees sprayed with lime sulphur had uniformly fine, well-
colored, smooth fruit with a fine finish. The finish, or luster, was 
not as good as those sprayed with soluble sulphur, but far better 
than those sprayed with Bordeaux. Lime sulphur is a very safe 
material to use for spraying all varieties. If it were certain that this 
material would control the Illinois and New York cankers, which 
chiefly attack the trunk and branches of trees, and the apple blotch 
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which attacks both the twigs and fruit, there would be little excuse 
for using Bordeaux mixture outside of the region where bitter rot is 
prevalent. 
The average cost of spraying this orchard twice with lime 
sulphur, including both materials and labor, amounted to 12.6 cents 
per tree, or $7.56 per acre. The average for Bordeaux was 12.1 
cents per tree, or $7.26 per acre. The average for all materials and 
varieties show the net profits due to spraying were $76.78 per acre. 
The Loren P. Withers Orchard (Monett, Barry County). This 
was one of the advisory orchards where the owner did all of the spray-
ing himself by following the directions supplied him. The orchard 
consisted mostly of Gano, but included several other varieties. A 
block of sixty trees was set apart for the spraying test. The trees 
were of all ages, being from 5 to 25 years old. A power spraying 
outfit was used. Applications were made as follows: 
April 13, with Bordeaux mixture 6-8-50, plus 23/z lbs. powdered 
arsenate of lead; 
May 3, with soluble sulphur, Oi lbs. to 100 gallons of water, 
plus 2Yz lbs. powdered arsenate of lead; 
May 23, with Bordeaux 4-6-100, plus 2Yz lbs. powdered arsen-
ate of lead. 
On July 1, notes were taken by counting the apples on one tree 
of Delicious and one of Senator. There was 4. 7 per cent of scab on 
the former and 12.2 per cent on the latter. Codling moth was 
entirely controlled. The curculio injury was very small, being 1 per 
cent on Delicious and 4 per cent on Senator. Unfortunately no 
check trees were left for purposes of comparison. 
The spraying cost was 16.3 cents per tree, or $9.78 per acre. 
Since there were no check trees, no figures are available showing the 
profits due to spraying. However, the owner of the orchard was 
well pleased with the results, and will continue to spray hereafter. 
REVIEW OF SPRAYING RESULTS 
Comparison of Lime Sulphur and Bordeaux. In all of the 
orchards throughout the state included in the demonstration work, 
the spray materials used, with one exception, were lime sulphur 
and Bordeaux mixture with arsenate of lead as the insecticide. 
Since both lime sulphur and Bordeaux are standard spraying. solu-
tions, the results obtained from using each will be of interest. Table 
35 shows the results secured from using lime sulphur and arsenate 
of lead in the different orchards where figures are available. These 
figures show the full effects of the spraying as when the notes were 
taken in early summer none of the apples affected with insects or 
diseases had yet fallen off. 
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Table 35-Summary of Results from Spraying with Lime Sulphur 
and Arsenate of Lead up to Early Summer 
ercentage 1nsect, t.:oease 
I 
a nd spray injury 
P~;centage 
p 
Orchard Treatment I Spray i of 
Disease Insect burn or I unblemished 
injury injury russeting . fruit 
Bland Orchard Co., Sprayed 4.9 1.1 1.3 I 91.9 
Lebanon 
I 
Unsprayed 86.5 7. 7 0 5.2 
H. S. Branaman, Sprayed 0 15 . 6 0.8 I 83.4 ! 
Rushville I I 
Unsprayed 1.1 86.4 0 I 17.1 
I 
J. G. Dameron, Sprayed 0 5. 0 0 ! 94.8 
Hannibal i 
! Unsprayed 1.7 89.6 0 
! 
10 . 0 
G. W. Davis, Sprayed 0.6 3.8 5.0 90 .8 
Independence 
Unsprayed 11 .0 27.5 0 I 62.6 
P. R. Jaeger, Sprayed 1. 7 6.5 1.0 I 89 .3 
I Boonville 
i Unsprayed 29.6 53.1 0 
I 
17 .3 
Kelsey Orchard Co., Sprayed 0 9.5 0 90.5 
St. Joseph 
I Unsprayed 0 44.6 0 53.4 
I 
J. S. Livesay, Sprayed 0. 6 8.2 0 i 91.2 
Independence I 
Unsprayed 4 .8 90 .4 0 
I 
9 .6 
G. K. Murray, Sprayed 1.1 2.3 2.4 I 81.8 
Willard I 
Unsprayed 56.8 8 .2 0 
I 
11.7 
F . F. Osterloch, Sprayed 0.4 14.8 0 85.0 
Hartsburg 
I Unsprayed 0 56 . 5 0 46 . 0 
I 
C. D . Peck, Sprayed I 0. 04 0.5 3 . 0 I 91.4 I 
Peirce City I 
Unsprayed 19.0 24.4 0 I 46.5 
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Table 35-Continued 
Percentage insect, disease 
and spray injury 
Percentage 
Orchard Treatment of 
Disease Insect Spray unblemished 
injury injury burn or fruit 
russeting 
J. E. Roberts, Sprayed 0 I 6.1 0 91.1 Maysville 
I Unsprayed 2.8 63.6 0 33.3 
A. E. Rose, Sprayed 8.7 I 14.3 0 79.1 Republic 
I Unsprayed 38.2 20.8 0 36.4 
Turner Station Sprayed 2.26 I 2.9 0.14 90.2 Orchard, 
I McBaine Unsprayed 14.5 34.7 0 54.0 
Average Sprayed 1.56 I 6.97 1. OS 88.5 
Unsprayed 20.4 I 46.7 0 31.0 I 
As might be expected, the results vary considerably. Insects 
and diseases were worse in some localities than others. Also there 
were great differences in the spraying outfits used. Sometimes, 
too, the spraying was done by persons who had done little or no 
spraying before; also weather conditions are often unfavorable for 
doing thorough work. When the spraying was done right, the results 
were always good. Note the average results of sprayed, as compared 
with unsprayed trees, at the close of the table. 
In Table 36 are shown the results of spraying with Bordeaux 
where notes were taken in early summer just after the "June drop" 
was over. 
While the two orchards mentioned in the last table were located 
in widely separated localities (the former in Lawrence and the latter 
in Boone County), the results were very similar. This was because 
prevailing conditions in the two places at spraying time happened to 
be very much alike. 
For convenience in making comparisons, the average results 
for both lime sulphur and Bordeaux are shown in Table 37. 
At first glance it would seem that lime sulphur was more effective 
than Bordeaux in controlling diseases, but by reference to the un-
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Table 36-Summary of Results of Spraying with Bordeaux Mixture 
and Arsenate of Lead up to Early Summer 
' I Percentage insect, disease and spray injury 
Orchard Treatment Percentage 
of 
Disease Insect Spray unblemished 
injury injury burn or fruit 
I 
russeting 
G. V. Kline, Sprayed 0 3.0 80 . 0 2.4 
Peirce City 
Unsprayed 18 .2 31.6 0 23 . 5 
Turner Station Sprayed 3.76 5.04 50 . 0 37.02 
Orchard, 
Me Baine Unsprayed 14.5 34.7 0 54 . 0 
Average Sprayed 1. 88 4.02 65.0 19.71 
Unsprayed 16.35 33.15 0 38.75 
Table 37-Comparative Results from Spraying with Lime Sulphur 
and Bordeaux up to Early Summer 
Percentage insect, disease 
and spray injury 
Percentage 
Material Trea tment 
I 
I 
of 
Disease Insect Spray unblemished 
injury injury burn or fruit 
I russeting 
i 
Sprayed 1. 56 
I 
6. 97 1.05 88.5 
Lime Sulphur ~ Unsprayed 20 . 4 0 31.0 Sprayed 1. 88 65.0 19.71 2 Bordeaux 
------
Unsprayed 16 . 35 
J 
33.15 0 38.75 
Table 38-Summary of Figures Taken at Harvesting Time Showing Comparative Average 
Results Secured From Using The Different Spraying Materials 
{ 
I Percentage of Perc 
disease injury inse I entage of Percentage of ct injury spray injury 
----
Material 
Up to Harvesting Up to I 
e~rly time early 
summer summer I 
I Badeaux 1. 88 4 .5 4.02 (7 orc~ards) I 
Lime sulphur I r ( 13 orcharqs) I 1.56 11 .78 6 .97 
1-
Soluble sulphur I 
I 
(1 orchard) 1.1 0.6 2 . 7 
Harvesting / Up to J Harvesting 
time , early I time 
summer 
6.25 I 65 .0 88 . 2 
-, 
30.35 I 1. OS 3.94 
I 
3.3 I 1. 25 5.1 
--1 
Prepared Bordeaux 
(1 orchard) 2.9 8 .0 10 . 8 I 
I 
I 8.9 58.2 87 . 8 
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Table 38-Continued 
--- - - -
Percentage of I Percentage of 
disease injury insect injury 
Material I 
Up to Harvesting Up to Harvesting 
early time early time 
summer summer 
Arsenate of lead 
I (1 orchard) 5.7 7.2 I 4. 7 13.6 I 
I I Pyrox (1 orchard) 0.8 4.2 9.2 I 41.2 
i 
I 
Check (unsprayed) I I (16 orchards) 26 . 5 J 52 . 1 I 37.03 59 . 6 
Percentage of 
spray injury 
-
Up to I Harvesti 
early time 
summer 
I 
I 35.4 93.0 
I I 
I 60.0 40.0 
I 
I 0 0 
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sprayed trees it will be seen that diseases happened to be more 
abundant in the orchards that were sprayed with the lime sulphur. 
If we take the ratio between sprayed and unsprayed orchards m 
each case, the following approximate results are secured: 
Lime sulphur, diseases 1 to 14; insects 1 to 6.%:. 
Bordeaux, diseases 1 to 16; insects 1 to 8 Yz. 
Apparently then, lime sulphur and arsenate of lead were more 
efficient in controlling diseases and insects than Bordeaux and 
arsenate of lead. 
Comparison of Six Different Spraying Materials. Several differ-
ent materials were used on a commercial scale in the Turner Stat ion 
orchard . I t will be of interest to compare these with lime sulphur 
and Bordeaux as regards their efficiency. Table 38 shows 
the results secured from using the different sprays (the insecticide 
being the same in all cases) at the two note-taking periods,-early 
summer and harvesting time. 
These results require considerable discussion. In the first 
place the figures would seem to indicate that the good effects of the 
Bordeaux sp ray in protecting the fruit from diseases were offset by 
the high percentage of the apples injured by the spray itself. How-
ever, the real injury was not as bad as the figures appear to show. 
In taking the notes if there was the least trace of r usseting on the 
apple this was counted as spray injury . vVhile even a slight amount 
of russeting might mar the appearance of a green, yellow or white 
skinned apple, it requires very severe burning to seriously injure'the 
sale value of red apples. T he worst spray burn observed was on 
Gano and Jonathan, both red variet ies. However, these varieties 
took on such a deep red color before harvesting that much of the 
russeting was obscured. This was particularly true of the Jonathan 
in the main orchard sprayed with Bordeaux. The Gano sprayed 
with Bordeaux were very badly russeted and, in the main orchard 
sprayed, the t rees had rather dense heads and the foliage was especi-
ally heavy. On account of being shaded, many of t he apples did not 
color properly and consequently the russeting caused quite a number 
-perhaps 10 per cent-to go into the second grade. Briefly summed 
up, it may be said that the serious burning of the fruit from the 
Bordeaux spray probably amounted to about 10 per cent instead of 
53 .1 per cent as shown in T able 38. 
Results from Lime Sulphur Spray. The lime sulphur spray 
caused no injury of a ny consequence to either the fruit or leaves. The 
11.7 8 per cent of disease injury was due to the fact that three of 
the worst scab infected orchards of the season were sprayed with 
lime sulphur. The high percentage of insect injury (30.35) was 
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due to poor results secured in two or three small orchards where 
the calyx spray was very improperly applied. On the whole where 
conditions were comparable, the lime sulphur and arsenate of lead 
protected fruit and foliage as well as Bordeaux and arsenate of lead. 
Results from Soluble Sulphur Spray. Fortunately the soluble 
sulphur spray was applied but twice and caused but slight injury to 
the fruit. However, the second application (calyx spray) did injure 
the leaves very seriously. Practically every leaf that was half-
grown or larger at the time of spraying, dropped off within the next 
two or three weeks. The trees themselves would have been seriously 
hurt had they not been young and in a vigorous state of growth. Old 
trees never would have survived losing almost an entire crop of 
leaves in May without being left so weak that they easily would 
have fallen victims to canker attacks, or died during the drought 
which followed later in the summer. At Lebanon and other places 
where trees were sprayed three times with the soluble sulphur, there 
was serious injury to the calyx end of the apples and such fruit was 
entirely ruined. 
Results from Prepared Bordeaux. The prepared Bordeaux (in 
the form of a paste to be added to water) caused more russeting of 
the fruit than the regular Bordeaux. The leaves also showed some 
scorching from the spray. While much of the fruit colored so well 
that the russeting was obscured, fully 10 per cent was reduced from 
the- first to the second grade on account of the spray injury. The 
variety was Jonathan. Had Gano been sprayed with this material 
the damage would have been very serious indeed. 
Results From Arsenate of Lead Paste. A trial acre of Jon a than 
trees was sprayed with arsenate of lead paste alone. ·In this par-
ticular orchard, on unsprayed trees, the early summer notes showed 
12.7 per cent of disease injury, and at harvesting time there was 
14.6 per cent. It would thus appear that the arsenate of lead 
reduced the diseases (cedar rust and scab) by one-half, and that this 
material, therefore, has some fungicidal value. However, too much 
confidence should not be placed in these figures. It will be noticed 
that the spray injury from using this material amounted to 87.8 per 
cent at harvesting time. Now every experienced orchardist knows 
that arsenate of lead paste will not russet Jonathan apples to any 
great extent. It is, therefore, very probable that both the good 
effects in controlling diseases and the bad results of russeting were 
caused by Bordeaux, as the previous tank of spray material was 
Bordeaux which was applied to an adjoining plat, and it is quite 
possible that enough remained in the tank to produce the results 
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mentioned. YJith this explanation, the figures are submitted for 
what they are worth. 
Results From Pyrox Spray. Pyrox is a material that very 
much resembles prepared Bordeaux (Bordeaux arsenate) in that it 
is in the form of a paste which is added to water. Pyrox seemed to 
control cedar rust better than anything else used. The block of trees 
sprayed with pyrox showed a very high percentage of curculio injury. 
The probable explanation for this is, as mentioned elsewhere, that 
the plat was located immediately adjacent to a body of timber land 
where there were crab apple and haw bushes, natural breeding 
grounds for curculio. 
Unless one has only a very few trees, certainly not over an acre, 
and does not care to go to the trouble of making Bordeaux, there 
seems to be little excuse for using either prepared Bordeaux or pyrox 
as they are more expensive than Bordeaux and not any more efficient 
for spraying purposes. The chief difficulty with prepared materials 
like these is that it is impossible to regulate the amount of the insecti-
cide used at each application. For example when making the cluster 
spray it is rarely necessary to use any poison at all, and for the calyx 
spray an extra amount is needed. 
Net Effect of Spraying. For the purpose of determming the 
total net effects of the spraying for the entire season, an average was 
taken of all orchards regardless of materials used. This summary is 
given in Table 39. 
Tn·atm 
Sprayed 
Unspraye 
ent 
Table 39-Summary of Spraying Results for all Orchards and all Materials 
for the Season of 1914.-Harvesting Data 
Percentage insect, disease and spray injury 
\Vorms Curculio Rots Scab Cedar Spra~ 
rust injur 
Value 
fruit 
per acre 
Profit 
due to 
spraying 
------ ---- ----
-1-------·--------
9.9 10.3 2.4 6.4 1.5 25.5 $187.19 $143.03 
--------------------------
1 50.3 28.8 14.0 32.1 1.1 0 18.05 0 
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The above figures are valuable because they represent the 
average results from spraying a large number of orchards under 
widely varying conditions. While the percentage of insects seems 
high where spraying was done, a glance at the column of fruit values 
shows that even though the fruit may not be entirely protected from 
diseases and insects, that spraying nevertheless, is quite profitable. 
COST OF SPRAYING 
Cost of Lime Sulphur Spray. Table 40 shows the cost of spray-
ing with lime sulphur in the different orchards. 
In practically every instance where lime sulphur was employed 
it was used at the regular strength of 3-100 (3 gallons of the com-
mercial lime sulphur to 100 gallons of water). The spraying plan 
called for a diluted solution with a specific gravity of 1.009. 
The required spraying strength was obtained by testing the 
concentrated liquid fresh from the barrel with a Bausch & Lomb 
orchardists' hydrometer. If this test showed a specific gravity of 
1.2i0 (as it usually did), when 1.009 was wanted, the amount of 
water to use per gallon of the lime sulphur in order to secure the 
latter strength was determined by dividing the fraction of the former 
number by the fraction of the latter, thus: .2i0+ .009=30. This 
means that the dilution was 1 to 30, or approximately 3 to 100. 
This strength was used for all applications. Arsenate of lead was 
used at the rate of three to six pounds per hundred gallons of liquid 
for all applications, except the cluster spray. 
The cost of spraying varies greatly. The principal factors 
affecting cost are: Size of trees, thoroughness of application, kind of 
nozzle used, light or heavy bloom or set of fruit and weather conditions 
at spraying time-that is, whether windy or calm. The first applica-
tion (the cluster spray) is made before the leaves are out, with a 
nozzle that forms a fine misty spray. This does not require much 
time or material and hence this is usually the least expensive applica-
tion. If there is a good bloom, the second or calyx spray is the 
most expensive application as a coarse nozzle is generally used and 
the spray must be directed at each separate cluster of calyx cups, 
and the latter penetrated and filled which can be accomplished well 
only under high pressure from the pump. The cost of the third 
application ordinarily is about the same as the first, but this depends 
entirely upon how well the fruit .sets. The same is t rue of the 
fourth application. Both the third and fourth applications are 
made with a nozzle throwing a fine misty spray which covers fruit 
and leaves with a fine film of the liquid. 
Table 40-Cost of Spraying Apple. Trees with Lime Sulphur and Arsenate of Lead 
Total cost of each application, per tree, including labor, 
I teams and spraying materials. 
Age of 
Orchard First Second Third Fourth Average trees 
a pplica- applica- applica- applica- cost per 
tion tion tion tion applica-
tion 
-------
---
cents cents cents 
Bland O~chard Co., 
cents cents years 
Leba non 6. 0 12.0 10.5 0 9 .5 20 
- - - ------ --
-- - - ----
H. S. Branaman, 
Rushville 7.4 21.2 14.0 9.2 12 .9 17 
-------
--
J. C. Dameron, 
Hannibal 4.0 14.0 0 0 9.0 15 
G. vV. Davis, 
Independence 7.0 31.2 8.4 0 15 . 5 20 
- ---- --
--
E. E. Greenwade, 
Willard 8.4 
I 
8.8 7.6 7.7 8.1 25 
~---- - -----
P. R. J aeger, I 
RnnnviliP 17. I ~n 4. Hi .'i 0 1R Q 1R 
Number 
of trees 
sprayed 
-----
37 
----
117 
----
40 
12 
----
70 
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31 
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Orchard 
I 
___
___
___
 ._ !_ 
I 
Kelsey Orchard Co., 
St. Joseph 
J. S. Livesay, 
Independence 
C. D. Peck, 
Peirce City 
I 
Table 40-Continued 
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Orchard 
- -----------
J. E. Roberts, 
Maysville 
A. E . Rose, 
Republic 
T urner Station Orchard, 
McBaine 
Average for 14 orchards 
Cost per acre (sixty trees) 
Table 40-Continued 
- --
T otal. cost of each application, per tree, including labor, 
t eams a nd spraying materials. 
F irst Second Third 
applica- ap plica-
I 
applica-
t ion t ion tion 
---· 
cents cents cents 
6.0 13. 1 16 .0 
I 
I 
6 .4 17 . 5 9. 2 
6.1 
I 
I 6.5 0 
! 
7. 1 
I 
I 13.8 9. 4 
$4.26 I 
I 
$8.28 I $5.64 
Fourth 
applica-
t ion 
--- - -
cents 
0 
0 
0 
6 . 8 
$4 .08 
Average 
cost per 
applica-
tion 
cent s 
Age of I N umber 
t rees 
years 
t rees 
sprayed 
-I 11.7 I 28 '--~--
23 I 26 11. 3 
-1 I 1--- -
I 6.3 u 226 
I -----
1 Total No. 
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Table 41-Cost of Spraying Apple Trees with Bordeaux Mixture and Arsenate of Lead 
-
Total cost of each application, per tree, including labor, 
teams and spraying materials: 
Orchard I Age of I Average trees 
First Second Third Fourth cost per 
applica- applica- applica- applica- applica-
tion tion tion tion tion 
cents 
I 
cents cents cents 
I 
cents years 
D. E. Brite, 
Monett 7.8 ! - 6.4 - I 7.1 20 
I ' I E. E . Greenwacle, Willard - I - - 9. 2 9.2 25 
Roy J ackson, I I 
Republic 
I 10.0 10.0 25 
- I - -
Dr. E. L. Johnston, I I 
·waverly - - - 14.0 14 .0 20 
G. V. Kline, 
I Peirce City 2. 6 6.8 4.6 4.0 4.5 11 : 
Number 
trees 
sprayed 
50 
70 
I 
47 
66 
35 
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Table 41-Continued 
-----
I Total cost of each application, per tree, including labor, 
I teams and spraying materials: 
Orchard 
· I Average 
First Second Third Fourth , cost per 
applica- applica- applica- applica- applica-
tion tion tion tion tion 
cents cents cents cents cents 
Lebanon Orchard Co., 
Lebanon -
- - 9.5 9.5 
Turner Station Orchard, 
McBaine 6.2 5.9 - - 6.05 
Average for 7 orchards 5.5 6.35 I 5.5 9.34 6.67 
Cost per acre (sixty trees) $3.30 I $3.81 I $3.30 $5.60 
Age of 
trees 
years 
18 
11 
18.5 
Number 
trees 
sprayed 
36 
----
333 
----
Total No. 
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The summary of 14 orchards shows that the average cost of the 
different applications of lime sulphur were: First, 7.1 cents; second , 
13.8 cents; third, 9.4 cents; and fourth , 6.8 cents. 
Cost of Bordeaux Mixture. Table 41 shows the cost of spraying 
with Bordeaux mixture. Only two orchards were sprayed entirely 
with Bordeaux. The fourth application, as a protection against 
bitter rot, was made with this material in several other orchards. 
Bordeaux mixture was generally used at the following strengths: 
For the first application, 6-6-100 (6 lbs. copper sulphate, 6 lbs. lime 
to 100 gals. of water); calyx spray or second application, 3-5-100 (3 
lbs. copper sulphate, 5 lbs. lime to 100 gals. of water); third applica-
t ion, when made, 8-8-100; and fourth application, 10-10-100. In 
all but the first application, arsenate of lead was used in quantities 
v arying from three to six pounds per hundred gallons of liquid. 
The average cost, per application, was: First, 5.5 cents; second, 
6.35 cents; third, 5.5 cents; and fourth, 9.34 cents. 
For convenience in making comparisons of cost of the two 
materials, the figures for both lime sulphur and Bordeaux are shown 
in Table 42. 
The above figures show that the total cost for four applications 
of lime sulphur was 37.1 cents per tree, while four applications of 
Bordeaux cost only 26.69 cents. The average cost per application 
in the first case was 9.29 cents while in the second it was 6.67 cents. 
In order to make the figures better understood, a comparison 
of the cost of spraying with lime sulphur and Bordeaux is given on 
an acre basis in Table 43. 
The figures in Tables 42 and 43 give some idea of the cost of 
spraying apple trees. While it appears that it would, on the average, 
be $1.56 an acre cheaper, per application, to use Bordeaux mixture, 
this is not necessarily true. Bearing all the conditions in mind, it is 
probable that the figures given in the last column for lime sulphur 
are a bit higher than usual, and those for Bordeaux a little lower. It 
is true that the average age of the trees is about the same in both 
cases, but it so happened that the trees in at least two of the orchards 
sprayed with lime sulphur were unusually large for their age, and set 
a tremendously heavy bloom. Some of these trees required from 18 
to 20 gallons of liquid per tree for the calyx spray. (Tables 3 and 4.) 
On the other hand the trees in one of the principal orchards 
sprayed with Bordeaux were small for their age. (Tables 19 and 
20.) Also an insufficient number of orchards were sprayed with 
Bordeaux to make the cost data entirely comparable with the lime 
sulphur figures. 
Material 
Lime Sulphur 
Bordeaux 
Table 42-Comparative Cost of Spraying with Lime Sulphur and Bordeaux, Per 
Application, Per Tree 
-----
Average cost of each application, per tree: 
Total Average I I 
number age of First i Second Th
ird Fourth 
I 
Average 
of trees trees applica- f applica- applica- applica- cost per 
sprayed tion i tion tion tion application 
! ;------ , _____ 
years I 
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Table 43-Comparative Cost of Spraying With Lime Sulphur and Bordeaux on An Acre Basis 
1VIaterial 
Total 
number 
of trees 
, sprayed 
·---------!-·---· 
' I 
Lime sui ph ur I 923 
-----
-!----
Bordeaux 538 
Average cost of each application, per acre: 
Average 
age of 
trees 
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SUMMARY 
In 1913 five co-operative orchards were sprayed by the Uni-
versity of Missouri. Sixteen demonstrations were held attended by 
125 people. One demonstration orchard returned an average net 
profit of $161.12 per acre due to spraying. 
In 1914 twenty-five orchards were sprayed, or supervised, and 
between seventy-five and one hundred demonstrations held. Several 
orchards showed a net profit, due to spraying, of $300 to $400 per 
acre. 
Each demonstration orchard was sprayed from two to four times. 
Neighboring orchard owners were always invited to attend the demon-
strations. Between 150 and 200 interested growers followed the 
spraying operations throughout the season, and observed the results 
at harvest time. 
At almost every point where a demonstration orchard was 
located, from one to a dozen farmers were regularly advised about 
the management of their fruit trees and vines. Directly and in-
directly, between 250 and 300 orchard owners were under the im-
mediate influence of the University of Missouri. 
With one exception all of the demonstration orchards were 
sprayed during the spring and summer with the two standard solu-
tions, Bordeaux mixture and lime sulphur to control diseases, with 
arsenate of lead added to poison the insects. 
Lime sulphur and Bordeaux, on the average seemed to be 
equally efficient in controlling apple scab, blossom end rot (black 
rot) and cedar rust. The cost of spraying with lime sulphur was 
9.29 cents per tree for each application, counting all expenses in-
cluding the necessary poison. The cost of Bordeaux was decidedly 
less, being 6.67 cents per tree, per application. (Table 42.) The 
total average cost of spraying with lime sulphur was $5.56 per acre 
(of 60 trees) while Bordeaux cost $4.00 per acre. (Table 43.) 
The dry or powder form of arsenate of lead appeared to give 
as good results as the paste when used in half the quantity by weight. 
The powder costs approximately twice as much per pound as the 
paste. 
While Bordeaux mixture is a reliable fungicide for all prevent-
able orchard diseases, it is a hazardous material to use for the calyx 
spray, especially on varieties of the Ben Davis type and those having 
a light-colored skin, on account of the serious injury from spray 
burn which may occur. 
Soluble sulphur as at present found on the market is a dangerous 
rna terial to use as a summer spray. It is very apt to destroy the 
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leaves, and may kill the calyx of the apples, thus causing the fruit 
to decay. The soluble sulphur seems to set free a large amount of 
arsenic from the arsenate that must be used with it as an insecticide, 
and it is this that causes the injury. 
Soluble sulphur, while unsafe to use as now made, is a promising 
spray material. Two applications during the season of 1914 on 
Gano produced fruit with a lustre or finish that even lime sulphur 
could not give, but fully 7 5 per cent of the leaves were caused to drop 
off. Where three applications were given, from 10 to 25 per cent of 
the fruit was destroyed. 
Bordeaux arsenate (prepared Bordeaux) and pyrox are both good 
fungicides and insecticides, but both are apt to burn the fruit, 
especially the Ben Davis and Gano varieties. Both are handy to 
use where only a few trees are to be sprayed, but on a commerical 
scale Bordeaux would be more satisfactory and less expensive. 
Missouri orchardists are advised to spray their apple trees at 
least three times; before blooming, immediately after blooming, and 
ten clays to two weeks later. For the first spray use lime sulphur 3 
gallons to 100 gallons of water or, Bordeaux 6-6-100 (6 lbs. copper 
sulphate, 6 lbs. fresh lime, 100 gals. water); second spray, lime 
sulphur 3-100, plus 5 lbs. arsenate of lead paste; third, same as 
second, or Bordeaux 6-6-100, plus 5 lbs. arsenate of lead paste. 
Where bitter rot is bad, one or two more applications may have to 
be made with either lime sulphur or Bordeaux. 
The cost of spraying, season of 1914 (average of all orchards 
and all materials used) was as follows: 
First application, 6.6 cents per tree, or $3.96 per acre. 
Second application, 13 cents per tree, or 7.80 per acre. 
Third application, 9.5 cents per tree, or 5.70 per acre. 
Fourth application, 8. cents per tree, or 4.80 per acre. 
Cost of spraying twice, 19 cents per tree or 11.76 per acre. 
Cost of spraying thrf'e times, 29.1 cents per tree or $17.46 per 
acre. 
Cost of spraying four times, 37.1 cents per tree or $22.26 per 
acre. 
